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CHAPTER  I 

LVTRODUCTIOX 

GENERAL  ARRANGEMENT  AND  EXJUIPMENT 

uient  and  maintei.ai.ee  that  irh!!7  ^'  '*''"'  "^  '"«"''-^'  ^"•'  '•""'  <>q"ip- 

n.o„ey  utilized  to  trUatsaSnar?  "  T"*'''  °'  ""'^"^^""^-^  '°  ^^^  t^L 
and  principal,  are  ^el^^X^fl^t^':!  :^t'1!'7'  '''''"^^ 
ment,  size,  and  equipment  of  science  roomsTnd  eln  t,  ^     *'""'  "™°«''- 

vince  have  ,iven  these  matter,  little  Though  '  S'^  tl^Z  2V'  '''%''?■ 
science  rooms  are  freouentlv  m.^i.ital.l,.       T*     ■      •  '  "'^  Positions  of  the 

the   best  work.     MuT     '     Z   wrHt         '''"V''''  ""'^  "^'"'""^  '"«^«*l''«te  for 

colleges  and  universit.:trL:2;L^^^^^^  ''i  """"'  ^^'"^»*«"-  ^^ 
received  little  attention    althoL?    W  T^V     /''"^ 

In  the  college  an  1  I^k  ..  ri  ^^h  shi^T  '"'''"'  '"""  ''""'  "^  '^''  ""iversitie,. 
on  their  own  resou  co<  ZTIL  f  ?  ^"^  "'"''  "'"*"'"•  ""^  ""•""•"  '^^Selv 
and  are  not  so7S  .^  if^  "  hT  "  '"  ™7"»'"i-«ti".-  with  one  another', 
the  laboratory  al    the  tlZ  ^''-     ^"  "'?  '"-"''  '^"'"'"^  *^^  ^^"*^''«'- '«  '» 

class,  and  he  must  bo  n^;     ,.  ,  "?  ""   """''•^trM..to.l   view  of  the  whole 

neeeJsarv.  PreZtl ^  '  k  t  r^  "  """"''  "."■'  ""'"'''  '""*'"^  *'"™  '^ 
order  that  he  ma     Ike    ^  .      7"^'  '""•''""'  '^"^'^  ^"'  «  ^"^  '"'""^^  >'> 

POSITION  OF  SCIENCE  ROOMS 
tain  amount  of  noise  in  the  Iflhnr«t«r^.  11  "'/"*'  f^^  *"«  "  «'»«.▼«  a  car- 
ineae  noises  disturb  the  adjoining  classes  the  more  isolated  the  laboratory 


LABOKATORY  ACCOMMODATION 


is  the  better  for  all  concerned.  Tlien.  too,  oirensive  jiuses  are  frequently  produced, 
which  escape  from  the  room  and  very  quickly  jtenetrate  the  corridors  and  ad- 
jacent class-rooms,  much  to  the  disgust  of  the  occupants.  Moreover,  if  the 
laboratory  is  situated  between  class-rooms,  it  is  more  likely  to  be  visited  during 
recess  by  pupils  who  have  no  right  there,  and  who  may  tamper  with  materials  and 
apparatus. 

The  different  science  rooms  should  all  be  ton;ether  in  the  same  part  of  the 
building.  A  good  many  pieces  of  apparatus  are  needed  in  common  in  the  different 
laboratories,  and  the  science  teacher  should  not  be  obliged  to  carry  these  long 
distances  or  up  and  down  the  stairs. 

The  rooms  should  be  as  free  as  possible  from  vibration  and  should  be  well 
anay  from  the  boilers  or  from  any  other  large  ma:is  of  iron,  as  iron  has  a  dis- 
turbing effect  on  experiments  in  magnetism  and  electricitv.  Needless  to  say  the 
rooms  should  be  adequntely  lighted,  for  the  success  of  the  work  in  science  depends 
on  accura('y  of  observation,  generally  with  the  eyes,  and  such  observation  is  quite 
impossible  in  a  badly  lighted  room. 

The  ground  floor  is  ton  jjublic  and  does  not  give  the  proper  isolation.  The 
basement  is  generally  unsuitable  unless  it  is  quite  dry  and  well  lighted.  If 
largely  underground,  as  it  usually  is,  it  is  sure  to  be  damp,  and  this  condition  is 
ruinous  to  the  delicate  apparatus  as  well  as  to  the  furniture  of  the  lalioratory.  Base- 
ment lighting,  too,  is  generally  poor.  Altogether,  the  top  flat  has  a  good  deal  to 
rerommeiid  it.  The  lighting  there  is  usually  good,  and  can  be  .made  good  by  the 
u<e  of  skylights.  It  is  isolated,  and  not  likely  to  be  visited  bv  passers-by.  Evil- 
smelling,  noxious,  or  offensive  gases  are  more  likely  to  be  confined  to  a  limited 
area  and,  as  there  are  usually  drafts  from  below  upwanl.  the  corridors  ,and  class- 
rooms  Ixdow  are  not  likely  to  be  polluted.  But  the  top  flat  has  certain  disadvan- 
tages. It  is  very  warm  in  the  summer.  The  plumbing  has  to  be  carried  a  long 
distance  at  an  increased  cost.  The  taps  may  sometimes  be  left  running,  or  a 
water-pipe  may  break  during  the  winter,  and  may  lead  to  a  flooding  of  all  the 
lower  stories.  The  ideal  position  would  be  a  separatV'  wing,  one  storv  high,  con- 
nected with  the  main  corridor  by  a  hall. 

LIGHTING  OF  SCIENCE  ROOMS 

It  would  be  diflieult  to  find  an  example  of  a  laboratory  that  is  too  well  lighted, 
l)ut  the  badly  lighted  laboratories  are  altogether  too  numerous.  AVhen  the  delicate 
graduations  of  the  pieces  of  apparatus  used  in  physics  and  chemistry  and  the  minute 
objects  under  observation  in  biology  arc  considered,  the  paramount  necessity  of 
numerous  large  windows  is  evident.  One  of  the  reasons  for  devoting  part  of  the 
top  flat  to  science  is  that  the  side  lights  may  be  supplemented  by  skylights.  Wiere 
the  skylights  arc  large  the  number  of  side  windows  may  be  diminished.  This  ar- 
rangement has  the  additional  advantage  that  it  permits  more  wall  spare  for  cup- 
boards and  black-boards.  In  the  chemical  laboratory  the  light  from  above  is  suit- 
able for  looking  into  crucibles  and  evaporating  dishes,  but  side  light  is  necessary 
for  observing  test-tubes  and  other  transparent  objects.  In  the  biological  laboratoiy 
the  light  from  above  is  good  for  aquaria  and  germination  experiments,  while  side 
light  is  necessary  for  microscopic  work.  Fnder  no  conditions  is  it  advisable  to 
have  a  skylight  entirely  replace  the  side  windows,  because  the  entire  aWnce  of  the 
latter  gives  the  room  a  gloomy  aspect  and  creates  the  atmosphere  of  a  prison. 
There  is  a  difference  of  opinion  as  to  which  exposure  is  most  suitable.       Some 


teachers  of  biologv-  prefer  the  windows  on  the  south  side,  while  othi 


Ts  object  to 
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direct  sun  ight  and  favour  them  being  placed  on  the  north  side.  If  a  conservatory 
18  attached  to  the  biology  room  it  must  have  south  or  east  windows.  In  teaching 
chemistry  and  physics  the  direct  sunlight  is  useful  for  some  of  the  experiment.^ 
work  and  m  teaching  optics  the  direct  sunlight  is  almost  a  necessity  for  experi- 
ments where  a  lantern  is  lacking.  While  a  northern  aspect  is  recommended  by 
many  science  teachers  in  the  T^nitcd  States  it  is  not  the  best  in  Ontario  for  any  of 
he  laboratories.  In  this  Province  during  the  winter  montbs  the  sun  rises  80 
ate  and  sets  so  early  that  northern  windows  leave  the  rooms  too  .lark  during  the 
first  i,.,iir  of  the  morning  and  the  last  hour  of  the  afternoon.  Tlie  to,)  .'reat  heat 
and  the  too  intense  light  are  objections  to  a  southern  exposure,  but  both  of  these 
can  be  overcome  by  suitable  blinds.  On  tiie  whole,  then,  better  results  are  ob- 
tained for  all  the  laboratories  with  a  southern  exposure  where  it  is  possible 

It  is  recommended  by  school  architects  that  the  lightin;r  area  for  an  ordinary 
class-room  should  be  trom  one  fourth  to  one  sixth  of  the  floor  space.    In  a  labora- 
tory It  should  not  be  less  than  one  fourth,  and  even  one  third  will  not  make  the 
room  too  bright.     The  illumination  of  the  working  space  farthest  from  the  windows 
must  be  kept  in  mind  in  deciding  the  shape  of  the  room  and  the  position  of  the 
windows.    A  long,  narrow  room  is  easiest  to  light,  and  has  much  to  be  said  in  its 
favour.    When  the  ratio  of  window  to  floor  space  is  made  one  to  four,  it  is  the 
actual   light-transmitting   area   that   is   considered,   and    hence   the   part  of  the 
window  occupied  by  sashes  a  .d  frames  is  eliminated.    The  front  eight  feet  of  the 
side  wall  should  contain  no  windows,  but  the  rest  of 
the  side  wall  should  be  as  completely  occupied  by 
windows  as  the  construction  of  the  wall  will  permit. 
The  sill  is  placed  about  :T  ft.  fi  in.  alwve  the  floor; 
this  makes  the  base  of  the  window  a  little  higher 
than  the  tops  of  the  laboratory  benches.     The  win- 
dow tops  extend  ri^ht  to  the  ceiling,  or  as  near  to 
it  as  the  construction  of  the  building  allows.    This 
latter  point  eaiinot  be  emphasized  too  strongly.    The 
darkest  part  of  the  room  receives  most  of  its  light 
from  the  upper  iialf  of  the  windows,  and  the  higher 
the  windows  extend  the  more  adequately  lighted  "will 
this  part  be.     The  window  blinds  should  be  white 
or  light  green  and  very  translucent,  so  that  they  may 
scatter  the  direct  sunlight  without  darkening  the 
room  to  any  great  extent.    The  blinds  need  not  ex- 
tend right  to-  the  top  of  the  window,  as  the  outer 
wall    projecting  over  the  window,  alwavs  cuts  off 
the  direct  rays  from  the  upper  foot  or  more,  and, 
with    a    blind   covering  this   part,    it   throws    the 
farther  side  of  the  room  in  double  shade.     Figure 
1  illustrates  this  point.      The  parallel  rays  of  the 
sun  pass  in  the  direction  MN".    All  above  CD  are  cut 
off  by  the  projecting  thickness  of  the  wall  at  E     A 
blind,  the  top  of  which  m  placed  at  B,  will  cut  off 
aU  the  direct  light,  while  the  space  between  A  and  B 
18  always  open,  even  when  the  blind  is  drawn,  and 
diffused  light  passes  through  this  space  to  brighten 
especially  the  parts  of  the  room  farthest  from  the  window 
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Suppose  the  laboratory  is  a  room  30  ft.  long  and  24  ft.  wide,  then  the  area  of 
the  floor  space  is  720  square  feet.  If  the  ratio  of  window  area  to  floor  space  is 
as  one  to  four,  the  area  of  the  effective  window  space  is  180  square  feet.  Probably 
one  tenth  of  the  window  space  is  not  efficient,  as  it  is  occupied  by  the  sash  par- 
titions separating  the  panes  of  glass;  thus  the  area  devoted  to  windows  should  be 
200  square  feet.  If  the  wall  is  14  ft.  high  and  the  window  begins  314  ft.  from  the 
floor  and  extends  to  within  6  in.  of  the  ceiling  (as  it  should),  it  will  be  10  ft.  high 
i<ive  windows,  euch  4  ft.  wide,  give  just  the  required  area,  and  this  number  of 
windows  IS  about  ihe  right  minimum  for  a  room  of  the  above  proportions.  For 
wide  rooms  the  proportion  of  four  to  one  should  be  increased;  for  long  and  narrow 
rooms  it  may  be  diminished.  Where  skylights  are  present  the  number  and  size  of 
the  side  windows  may  be  proportionally  diminished.  Frequently  it  is  possible  to 
have  windows  on  two  sides,  and  this  arrangement  gives  a  more  even  distribution 
of  light.  It  has,  however,  the  drawback  of  diminishing  the  amount  of  wall  space 
available  for  shelves  and  black-boards.  If  skylights  are  present,  the  window 
sashes  in  the  roof  should  not  be  horiw)ntal,  but  should  have  a  slope  steep  enough 
to  shed  tlie  rain  and  snow.  They  should  not  slope  toward  the  south,  as  this  tends 
to  make  the  room  excessively  hot,  but  a  north  or  east  slope  is  satisfactory.  Of  course 
no  coloured,  ground,  or  painted  glass  should  be  used  in  any  of  the  windows.  All 
tlie  window  sashes,  both  bottom  and  top,  are  hung  with  counterbalance  weights  so 
that  they  slide  easily.  Everybody  who  has  worked  in  a  laboratory  knows  what  a 
great  advantage  it  is  to  be  able  to  throw  up  all  the  windows  and  get  a  complete 
change  of  air  after  some  accident  by  which  the  room  has  become  contaminated 
with  irritating  fumes. 

The  sills  of  the  windows  in  laboratories  should  slope  outward  as  little  as 
iwssible,  and  be  as  wide  as  is  consistent  with  appearances.  Much  use  can  be  made 
of  such  sills  in  experimental  work,  as,  for  example,  where  exposure  to  sunlight  is 
required  in  physiological  work  in  botany.  They  can  also  be  utilized  to  hold  germ- 
inating boxes.  Moreover,  chemical  experiments,  in  which  an  explosion  is  possible, 
or  in  which  irritating  fumes  are  produced,  can  be  best  performed  on  the  wiudow-sill 
in  the  open  air. 

SIZE  OP  LABORATORIES 

In  estimating  the  size  of  the  laboratory  a  good  many  factors  have  to  be  con- 
sidered. It  should  be  of  such  size  and  shape  that  the  pupils  will  be  able  to  do 
their  work  with  the  minimum  amount  of  movement  and  with  the  maximum  amount 
of  convenience.  It  should  be  of  sufficient  size  to  accommodate  at  one  time  the 
largest  number  of  pupils  who  are  to  do  practical  work.  This  number  is  limited 
in  high  schools  in  Ontario  by  the  size  of  the  class  that  one  instructor  can  efficiently 
manage  at  practical  work.  In  England  the  number  is  usually  placed  at  twenty  •  the 
tendency  in  the  United  States  is  to  diminish  this  to  fifteen,  or  even  twelve  The 
Department  of  Education  in  this  Province  fixes  the  maximum  number  at  twenty- 
four,  and  calculations  had  best  be  made  for  this  number.  Each  pupil  should  have 
a  bench  space  3  ft.  6  in.  long  and  2  ft.  wide;  behind  each  bench  should  be  a 
working  space  of  at  least  3  ft.,  in  which  the  pupil  stands,  and  which  also  permits 
•the  instructor  to  pass  along  freely  to  superintend  and  assist  in  the  work  This 
inakes  a  floor  arc,  of  .S14  ft.  hy  5  ft.,  or  in/,  square  foot  foi  each  pupil.  This 
does  not  include  the  space  necessary  for  aisles,  sinks,  the  instructor's  bench,  and 
storage  cases  of  different  kinds.  Professor  Minot,  of  Harvard  University,  places 
the  extra  amount  of  floor  space  per  student  at  11  square  feet.    He,  however,  is 


SIZE  OF  LABORATOHIES 


This  Mtni  space  may  be  placed  at  l7i/   T       i  "  ^'^^  '^^'^^  laboratory, 

area  of  floor 'space  pe'r  pup'il  f  30  s^'at  S"  Th"  T  th'"'*" '  ".  *""*  ^'^  **^^' 
for  elementary  science  Jaboratoriesbv  the  iJr-^  f  the  amount  recommended 
Twenty-four  pupife  require  a  mom  ran  .  ^"'i.  "^  E.lucation  in  England, 
room  iould  be  30  ft.Z^b^TfT  wl  T  '"'  ?  "''•  '^  -«»-P^«Portioned 
extra  furniture  is  placedln  the  laLr,*  T  \«^«-'°«"'  *«  lacking  or  where 

is  required     If  .h-^!!  V       '*'^'^«*°''>^'  «"ch  as  balance  tables,  additional  space 

alone  cb  not  det^SnL  the  siioHh!  *'*°'"'"^*;'°"  '«  "^'^^^a"^'-     These  factor, 

of  air  space,  and™  "     ^  ^,  „V  i     ow'the  L  '"'"  "''"?  '^  "''^'"  ^"'"'"^ 
crpa«p<l      A  ^,^*  1    I    ,  "  '^'""ff  '8  'ow  the  floor  area  must  be  still  further  in- 

z:r;o;\arofti;  :t  r":'^ ""  T.r^'f  °'  ^^""'«^--  whe^e  a;;^Liai 

siderablv  dim  .il;;        ^th    ohliS  ■'    "  1°'""'^  "'  '"■•  '"■•  ''"P"  -«>■  ''«  -"" 

WAU^  OP  THE  SCIENCE  ROOMS 

not  allow  too  nnu.l,  ah..,,  i. ;       Lht     UiZT  '"''  "'  '  '""  "'"^^  '^■•^"-  'J-' 
is  restful  ,o  the  ev.     Li^ht    clow  and  bu  ff,      f  ""'"'"T  ''  *"""'*  "  '^°''^"'-  ^^at 
prove,,  that  all  ^.l•lows  .r^.  fa  i' ^^^.r  "   ,    " ! /  ''""""•'  """'•  '"''  "  f"*^  '««'' 

Some  shade  of  ,rfe„  .......  t  ,7,nn^     '    /"^f ""'  '"■"""■^"^"■''•^  '"  «  '"«^l<cd  .lo^ree. 

it  does  not  al.or.  "  ea  1  a  ,2'  li':?"  7  *"  "^^'  "^  ■*  '^'  '^''^'  ^  ^he  eye, 
out-of-doors.     Man;  a  ohi't;       rlclml .  ""'  "  '"''■"''''""  *'"•  ^^A'"'*'^''  'i/ht 

able.  The  ceilin,  si."  ,  briofrpXu  .^^^  Z  -^^-f  ^'^---"  «■'  "-^t  suit- 
of  lipht.  The  walls  .bould  allm  hln  •  .  T"  .  '"'  *^'""''  '■'  *'^'^  ^'^  "■efl^'^tor 
paint  should  be  flatted  to  elim.W.,  ^     T^  '"  *'',''*  *'"">'  """-^  ''«  ^"^''"l-    The 

white  lead  or  othi  ^l.  Zr^i  '^aSl  7  "'";'  "''  -^'""^  '"^  ^^^  ^-'" 
pc-riments.       Clay    in  hi    Lk U      t**™  ^^  from  fumes  produced  during  ex- 

grecnish-srav  mai  fron    wtro  hi""         ""-^  ^"'''^'"•"■''  '""'"'"'"ends    a  light 

wainscottfn.or  ateboarcl  a  r'ha.>^  '1?^'  ?"'  ""^^  "'^"*'-     "^  ^-«^«" 

into  the  chai-rail  sere^or  nail'^vll'"';''^  ^  ^^''^  """"'^  *'>"  ■•"""'•  a^^ 

wall  might  be  broken  ::  to.:." :'  f"  L^  a^falutle  dlT^  ^"'"'"■^^  "^  *^ 
finements,  together  with  nio^  ,    a     il  T   .  '^  ^^^'^-     ®"*  attractive  re- 

fluence.  .SH^.tifi  >  ZZ.  d  ""''""''^.f' >'  ''''^'«  «"  ""^'nsciously  elevatin.  in- 
partieularly  appropriate  '""""•'   ^'■'™'*^   °'  ^""'"^"t  -'^t'^ts;  are 

THE  FTX)OR 

Tn  America  the  floor  is  almost  always  of  wood      Tiling      a 
blocks  are  frequently  used  in  En<rland   but  ,rn  L  ^  ""**  ^l"*"*  '^ooden 

Tile  or  concrete  floors  are  incoXtiire  "d  "^7""  '"  ^  ^""*"-^  "*"■■-•^• 
but  they  are  cold  and  somewhat  noisv  If  2  flf  "^  -f '"^  affected- by  chemicals, 
hard,  durable  kind.  Pine  floor  rea/'ranidlv  in  f?'  "  ?^  ''"?'  '*  ^''"''^^  ^  "'  «»"•« 
behind  the  benches,  and  soon  beromeZ^^-nV  r'f'  ""'^ '°  *"  «**"'''"?  Place« 
«.Hly  and  a.  di«.lt  to  ^"r^^ ^^ll  td  tS^^^^^^^^ 
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materiala  to  use  for  tliis  purpose.  The  floor  should  be  finished  either  with  wax  or 
with  hard  oil,  so  that  any  chemicals  spilled  will  not  corrode  it  deeply.  If  the  floon  are 
made  of  maple  or  birch,  scrubbed  frequently,  and  then  oiled  or  waxed,  in  about  a 
year  a  fine  hard  surface  will  be  produced  that  will  require  little  attention.  Stains 
should  be  scratched  or  planed  off  as  soon  after  their  discovery  as  possible.  Clay 
gives  the  following  ns  a  good  wax  finish : 

Yellow   wax    20  parts 

Yellow  ozocerite   20  parts 

Linseed  oil   (iMlled)    1  part 

Turpentine 25  parts 

Raw  sienna  6  parts 

Mix  the  two  waxes  over  a  slow  fire,  add  the  colouring  previously  mixed  with  the 
oil,  and  when  cold  add  the  turpentine. 

ARRANGEMENT  OF  WORKING  BENCHES 


I 


ill 


The  working  l>ciiclu-s  .should  be  so  arranged  that  the  pupil  may  obtain  material 
and  apparatus  witli  as  little  inconvenience  and  waste  of  time  as  possible.  He 
should  have  suHuieiit  space  to  move  about  without  being  crowded.  Tlie  light  from 
the  windows  should  adequately  illuminate  his  working  place.  When  standing  or 
sitting  at  his  working  place,  he  should  not  be  in  his  own  or  in  any  other 
pupil's  light.  The  benches  should  be  so  constnicted  and  arranged  that  the 
instructor  can  readily  reach  any  pupil  in  order  to  assist  him  with  his  work.  The 
benches  should  be  so  placed  that  the  pupils  find  little  opportunity  either  to  talk  to 
one  another  or  to  interfere  with  one  another's  apparatus.  In  what  style  of 
bench  do  all  these  conditions  obtain  to  the  greatest  extent?  Before  answering  the 
question  fin&lly,  let  us  consider  the  kinds  of  lynches  that  are  most  frequently  used 
in  phy.sinal  and  chemical  laboratories. , 

A  long  bench  with  working  places  on  one  or  l>oth  sides  is  common  in  our 
laboratories  at  the  present  time.  These  benches  are  arranged  in  one  of  the  follow- 
ing ways: 

1.  They  form  a  rectangle  around  the  room,  with  working  places  on  both  the 
inside  and  the  outside  of  the  rectangle. 

2.  Single  benches  extend  across  the  room,  with  side  aisles,  and  with  or  without 
a  central  aisle. 

3.  Single  benches  run  lengthwise  along  the  walls  of  the  room  and  a  double 
bench  runs  lengthwise  down  the  middle. 

4.  Double  benches  run  lengthwise  down  the  room. 

5.  Double  benches  run  across  the  room,  with  side  aisles,  and  with  or  without 
a  central  one. 

The  first  of  these  methods  is  very  bad,  as  the  teacher  can  reach  a  pupil  only 
by  walking  around  to  the  opening  in  the  rectangle.  The  second  method  is  good, 
especially  if  there  is  a  central  aisle,  as  all  pupils  are  facing  in  the  same  direction, 
and  so  are  in  a  good  position  to  receive  instructions  or  explanations  from  the 
teacher.  As  they  are  not  facing  one  another,  there  is  not  the  same  inducement 
to  irrelevant  conversation-,  and  all  receive  light  from  the  same  direction.  Three, 
four,  and  five  involve  the  use  of  double  benches,  which  are  advantageous  only  in 
economizing  space,  sinks,  and  reagent  bottles.  From  a  disciplinary  standpoint  they 
Are  distinctly  disadvantageous,  a.'?  the  inducement  to  talk  across  the  bench  is  great. 
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What  kind  of  knch  is  better  than  ai.v  of  these?    Tlie  i,leal  to  be  aimed  «t  in 
all  the    aboratories  is  a  .n^,rate  bend.  /V^  each  pupil.      U    1  oommr.s  n  en 

ver.at,on:  pieces  of  apparatus  will  not  l,e  Tansrerred  by  the  pun  Is  no  dis^l  w  f 
ame  a.  to  whose  duty  it  is  to  clear  the  .inks  or  bench -top.r/.r  the  lencl  es  „  1 
r,^;:  /""'  *M  """  "k?°"  *^*''^'  ^^•'"•^°^^'^'  ^"'^  ^'''  f-K.her "«     t  ;  each 

The  benches  in  the  physicnl  laboratory  alone  will  be  of  a  different  Wind      T 

SIZE  OP  PUPILS'  WORK  BENCHES 
tne    pupils.      In  an  elementary  laboratory,  which  is  used  only. by  the 
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papik  of  the  lower  Forma,  from  fourteen  to  8ixti>en  years  of  age,  a  height  of  2  ft. 
9  in.  or  2  ft.  10  in.  ia  best,  but  in  a  room  used  mostly  by  pupils  over  sixteen  years 
of  age  the  tops  should  be  3  ft.  high.  A  biology  bench  should  l)e  as  low  as  28  iu.,  in 
order  that  dissections  and  examinations  through  lenses  and  microscopes  may  bo 
made  with  ease  and  comfort  to  the  pupil. 

The  length  and  width  of  a  bench  top  will  depend,  to  some  extent,  on  the 
amount  of  disposable  floor  space.  A  top  Si/a  ft.  long  is  generally  sufficient  for  any 
pupil  for  any  kind  of  bench,  whether  in  physics,  chemistry,  or  biology.  But 
occasionally,  in  physics,  a  greater  amount  of  space  is  needed,  and  for  that  reason 
double  benches  are  recommended.  A  pupil  standing  behind  the  bench  should  be 
able  to  reach  apparatus  without  bending  his  body  over  the  bench.  A  top  30  in. 
wide  is  as  great  as  can  be  comfortably  utilized  and  gives  ample  area ;  where  space 
needs  to  be  economized,  even  less  width  can  In-  given  to  the  tops  without  losing 
much  in  efficiency. 

As  has  been  stated,  the  benches  used  for  physics  and  chemistry  should  have 
the  ends  opiwsite  the  windows,  so  that  the  light  will  all  come  from  the  left  if 
the  benches  are  single;  it  the  Ijenehes  are  back  to  back,  it  will  come  from  the 
left  for  those  facing  the  front  and  from  the  right  for  those  facing  in  the  opposite 
direction.  The  particular  arrangement  will  depend  on  the  shape  and  size 
of  the  room,  but  some  general  rules  may  be  stated  for  the  guidance  of  those 
planning  laboratories.  The  aisles  should  run  up  and  down  the  room  and  not 
across.  These  aisles  should  he  3  ft.  wide,  if  possible.  There  should  be  aisles  4  ft. 
wide  on  each  side  of  the  room;  and  these  should  be  still  wider,  if  apparatus 
cabinets  are  placed  a^'ainst  the  walls.  The  spaces  between  the  benches, 
from  front  to  back,  should  be  sufficiently  wide  to  give  the  worker  ample  room 
and  also  to  allow  the  teacher  to  move  across  the  room  behind  the  pupils.  This 
will  require  at  least  3  ft.  space  between  the  successive  benches  in  a  row.  It  ia 
better  not  to  have  the  pnds  of  the  benches  against  the  walls:  such  an  arrange- 
ment diminishes  the  number  of  aisles,  and  decreases  the  amount  of  wall  space 
available  for  apparatus,  cabinets,  or  black-honrds.  Where  the  necessities  of  a 
limited  floor  space  require  that  the  benches  should  be  placed  against  the  walls, 
it  IS  preferable  to  put  them  against  the  wall  between,  rather  than  opposite,  tlie 
windows ;  for  if  they  are  opposite,  the  accessibility  of  the  windows  is  too  restricted. 

In  the  biology  room  the  arrangement  of  the  benches  will  be  different.  Here 
the  light  should  come  from  the  front,  to  he  most  convenient  for  dissecting  and 
for  usinjf  the  lens  and  microsc-ope.  If  it  conies  from  the  sides,  the  pupil  will 
Ije  continually  working'  in  the  shadow  of  his  hands.  In  order  that  he  should 
not  be  in  the  shadow  of  the  pui)il  in  front  of  him  the  benches  should  be  arranged  so 
that  in  succeeding  rows  across  the  room  they  occupy  alternate  positions.  If  they 
are  of  the  individual  ty[K',  as  they  should  be,  this  mean.s  that  they  should  be 
arrangtKl  in  (|uinrun\  order,  the  beiuhes  in  one  row  across  the  room  occupying  a 
position  in  a  line  with  the  spaces  between  the  iH-nches  in  the  adjacent  rows  iii  front 
and  bcliind.  See  Fiu'iire  7.5  as  nn  example  of  this  arrangement.  As  this 
eliminates  all  the  aisles  Itetween  the  rows  from  front  to  rear,  the  side  aisles  should 
be  wider  than  usual,  and  the  spaces  lK>tween  the  l)enches  from  front  to  rear  .should 
be  broader  than  the  dimension'^  already  given. 

The  old  practice  of  having  reagent  shelves  raised  above  the  top  of  the 
chemistry  Iwnch  was  borrowed  from  the  college,  where  the  conditions  are  d'lTerent, 
and  where  it  is  not  so  necessary  for  disciplinary  purposes  that  nothing  should 
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c^truc-t  the  view  between  teacher  and  pupil.     The  c..n.».nH,.,  of  ..pini,.,.  «„.„„. 


MATERIAL  OP  BE.N'CHES 

tor,  «>  ,„g.,  the  .„„d.o,k  „f  tl,,.  ™,„,  ,„,,  „,„  „,|„,,  f„„,i,,„      s    ,,  t  r 
d.K™,m„g  („t.,.    0«  p„h,t  i.  „,r,h  „„li„t.  „.,„„«„„  ,1,.,  ,;,      Th         "" 

...:  ns;^  4hTh';,r';::.;:.;rr.  ;r:;;;;r':;'r';;";''r, '"; 
:^:-:":2  r ::  r  rrc^-  -""'■  -• '  -••  '-"■  •- 

tne  furniture.    Thorough  seasoning  is  absolutely  neoe^sarv     Pnr,.    l.nni  i  i     /  i 
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teak.  It  in  moderately  hard  iiiul,  wIkmi  uiicu  iw.>aM)iu><l,  duoM  nut  split,  crack,  warp, 
or  iiltt-r  itx  Klm|)c  in  »u\  way.  No  ini^'takc  will  Ih-  made  if  pine,  l>eccli,  birch, 
nniplc,  anil,  or  teak  in  umhI. 

The  drawers  arc  fronted  with  thf  came  nuitirial  iih  the  body,  and  the  unex|Ni><cd 
parts  are  usually  of  pine  or  lia'S-wood,  Imt  the  slidiu);  sides  should  alwayn  U'  of 
Itircli,  u<  it  has  a  snuwth,  satiny  surface  which  slides  well.  Tho  drawera  Hhoiild 
be  ninde  so  that  they  do  not  pull  i>ut  inmpletely,  otherwise  careless  pupils  are 
certain  to  spill  their  contents  occasionally,  with  resultant  loss  of  fragile  apparatus. 
This  lan  lie  arnui^'cd  by  havinjf  a  wooden  button  screwed  to  the  hack,  which 
lulihcs  licfnrc  the  drawer  is  coniiiUtely  withdrawn.  Hy  turning  this  button  the 
drawer  cim  In-  wholly  withdrawn  fcir  clcaniii),'.  The  drawers  slumld  have  turned 
pulls  of  wiMMJ  ralluT  than  metal,  us  the  latter  material  is  liable  to  tarnish,  and  if 
they  are  made  of  iron,  they  may  interfere  with  experiments  in  magnetism.  A 
Hush  |)ull  is  j)referable.  as  a  projectinj;  knob  is  lialde  to  be  in  the  way,  particularly 
when  the  drawer  is  partially  opiMi.  If  the  Hush  |)ull  is  used,  tho  front  of  Ihe 
lirnwer  niusi  l)e  niad<'  rather  thick.  ('u|»biiard  disirs  underneath  benches  should 
I'nsteii  with  a  ball  catch. 

There  sliouKl  be  as  little  moublin;;  as  possible  on  the  furniture,  so  that  there 
will  W'  no  restinj;-place  for  dust,  and  if  there  are  panels,  they  should  bo  almost  flush. 
I'nder  the  bench  tops  there  should  be  recesses  for  the  knees  when  the  pupils  are 
sittinjf  down.  All  alonj;  the  base  ul'  the  benches  at  which  pupils  stand  there 
should  be  toe-spaces  about  i  in.  high.  These  will  allow  the  pupils  to  stand 
dose  to  the  lienchcs  with  comfort  while  they  are  at  work,  and  prevent  the  un- 
sijlhtly  appearance  i)ro(liiced  aloiiR  the  liase  by  the  continual  contact  of  the  pupils' 
toes  with  the  lower  part  of  the  bench. 

The  finish  will  be  lar>;ely  determined  by  that  nf  the  surroundinjis.  No  paint 
of  any  kind  should  be  used.  Tho  nearer  the  finish  is  to  the  natural  wood  in 
appearance  the  In'tter  is  the  result.  .Ml  the  exposed  parts  may  be  covered  by  a 
silica  tiller  and  then  finished  with  one  ci>at  of  white  shellac  and  one  of  .Johnson's 
wax — the  bitter  beinj;  tlu)rou;.ddy  rulibcd.  The  inside  of  the  drawers  and  cup- 
Iwiards  may  be  given  one  coat  of  orange  shellac. 

BENCH  TOPS 


I! 


f> 


Tlie  bench  tops  in  all  the  laboratories  imve  lo  resist  the  action  of  chemicals, 
iiidudin'r  the  strongest  acids  and  alkalis.  They  have  also  to  resist  the  heat  of 
the  liunsen  burners,  hot  beakers,  flasks,  ami  crucibles.  Many  hot  .solids  and 
liiptids  will  continually  1)6  spilled  upon  them.  In  order  that  they  may  effectively 
withstand  these,  the  selection  of  material  for  the  top  requires  much  more  careful 
("usidcration  than  the  selection  of  material  for  the  iiody.  The  bench  top  requires 
also  to  be  perfectly  level  and  free  from  chinks  or  crevices  that  might  give  lodge- 
ment to  dust  or  to  chemicals  spilled  on  its  surface.  Warping  is  fatal  to  its  use- 
fulness. Too  much  care  cannot  be  bestowed  on  the  material  and  structure  of 
the  to]>.  The  chief  materials  used  in  its  construction  are  wood,  lead,  glass,  slate, 
lava  slabs,  and  alberenc  stone.  The  best  wood  by  far  is  teak.  It  is  fairly  hard, 
tough,  shows  no  warping  or  cracking,  and  is  non-porous.  It  is  filled  with  resins 
that  prevent  the  entrance  of  water  or  chemicals.  Georgia,  or  pitch  pine,  is  more 
likely  to  warp,  crack,  or  splinter,  but  it  is  hard  and  non-porous  also  on  account 
of  it  being  permeated  by  resin,  and  makes  a  very  fair  top.  Maple  forms  a 
good  hard  top,  but  warps  considerably.    A  material  that  up  to  the  present  has  not 
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bMn  inuih  iwcHl  but  U»»  much  tu  rec-ominoud  it,  i.  American  white-wood.  By 
th»  I1.II1C  u  meant  ti.e  wood  of  the  tuh'p-treo  whi.h  \»  a  native  of  south-wcatern 
Ontario.  It  is  not  Imbl..  to  warp  or  shrink,  i«  durable  in  contact  witli  water,  and 
"  «•"»«''>  worked,  it  i«  lc.>  ex|)enHive  than  an.v  of  tlin  other  woodn  mentioned. 
lU  iliief  defect  consist-  in  it»  great  softnons,  but  with  a  proper  finish  thia  is 
not  a  serious  defect.  For  any  s.h.wl  that  wi-he*  to  keep  down  the  expenw.  there 
ii  no  better  material  tn  sekit  for  tops  than  white-w(M)d.  It  will,  however  be 
undersf«,d  that  it  is  not  m  suitable  a,  arc  the  other  higher  priced  woods  mentioned. 
if  any  of  the  atwvc  woihIs,  with  thr  exception  of  teak,  are  selected,  the  top* 
should  not  1«  made  of  wide  Iwards,  as  under  the  severe  conditions  of  the  lalwra- 
tory,  wide  pieces  are  bound  to  crack,  warp,  an.l  pull  apart.  The  tops  must  be 
built  lip  of  narrow  strips  almut  1  in.  wide,  alternat..  pi-vcs  liavii.j?  opposite  sides 
up  and  a  k-ing  placd  o,,  edge.  These  pieces  must  be  glued  firmly  together, 
and  should  also  l.nvo  dowels  running  through  them  at  regular  interval* 
Theso  dowels  should  be  started  «t  dilTen-nt  .leptl.s  from  different  positions  anc 

put  m  111  such  numbers  that  all  parts  of  the  top  are  traversed  liv  tl Fi-   :}.-. 

shows  the  arrangement  of  tlu.m.  .\>  water  lirs  on  the  tops  of  all  the  kndies 
and  sometimes  for  considerable  periods,  so  that  it  has  time  to  penc.  ate  it  < 
important  that  a  waterproof  glue  be  used  to  fasten  together  the  strip,  for 
moisture  is  sure  in  time  to  ptmetrate  and  soften  o.di'  rv  glue.  The  following 
are  recipos  for  such  a  glue.  All  of  them  are  easily  (.repared,  inexpensive,  and 
quite  impervious  to  water. 

1.  Orfi-  •  glue  is  swollen  by  soaking  in  water  and  then  is  dissolved  m 
four  fifths  eight  of  linseed  oil. 

3.  One  ,,..rt   glue   is  dissolved  in   one  aiv 
one-fiftieth  part  of  potassium  dii  hromate  (pru.v 

3.  Boil  two  ounces  of  isinglass  in  a  pint  of  skin. 

1.  Marine  glue.  Kqual  pnru  of  shellac  and  caoutchouc  are  dissolved  m, 
separate  portions  of  nni>htlia  and  tlien  mixed. 

If  the  bench  top  is  made  of  wood,  it  should  be  about  '2  in  thick  \  dl 
groove  should  run  around  it  on  the  under  side  about  I/2  in.  from  the  ed.-e  his 
I>revent8  the  water  drip  from  running  in  on  the  under  side. 

Wh,.n  bench  tops  arc  made  of  wood,  as  described  above,  it  is  necessary  that  thev 
receive  a  finish  that  will  make  them  as  impervious  as  possible  to  the  chemicals 
that  are  .lab!..  t..  he  spilled  „p.n  them.  There  is  o  finish  that  is  absolutely 
impenetrable  by  diemicals,  b,i,  several  have  been  ..  ed  that  are  only  sli-'htlv 
aflre<te,l  and  prevent  the  wood  from  being  rapidly  co  ,ded.  and  it  is  only  ;hea 
chemicals  are  allowed  to  remain  on  them  for  long  periods  that  even  a  stain  is 
produced.     Several  such   finishes  are  here  given,  all  of  which  have  been  tried 

i^'tlTiXsmair"'^-     '"'-'  '''  ""  ''''''■  '-'"''  -"^  »^P"^-  -^  «-  -t 

Finishes 

1.  A  solution  i.  made  hy  boiling  logwood  chips  in  an  iron  kettle.  A  stron" 
solution  of  this  IS  applied  to  the  clean  wood  with  a  brush,  a  second  coat  is 
applied  when  this  ,s  dry.  This  is  followed  by  a  coat  of  a  strong  solution*of 
copperas  ,n  hot  water.  Wlien  dry  the  top  is  well  rubbed  with  sand-paper.  Then 
a  coat  of  hot  melted  paraffin  is  applied.    This  paraffin  should  be  hard  an.l  of  a 
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UigU  nifltiiiK  iH)iiif.  not  Im*  than  Sft^C-JlO'C.  By  mean*  of  •  hot  flttinm 
the  paratHii  in  thuruutthly  ruhljwl  int(i  the  iMin-n  of  the  wowl,  aud  when  cool  the 
^urplaM  amount  i»  wraiK-.l  ..IT  with  a  thin  piei-e  of  iteol  with  a  amooth,  atraiKht 
I'dge. 

Bolution  No.  t 

Copper   aulphata    125  grammaa 

PotBMium   (hlorata    126  (rammaa 

^'•'•i" 1,000  irammaa 

Boll  until  tba  salu  ara  diaaolvad. 

Solution  No.  i 

Aniline   oil    120  graromaa 

Hydrot'hlorlr    add    180  gramiuaa 

Water  1,000  grammaa 

Hv  mean-'  <>(  u  l>ru>i|i  ni>|>lv  two  ((lutM  of  solution  N'o.  I  whili'  hot.  the 
vcond  coat  1m'iii>{  ii|)|)litil  a*  n<hiii  hm  the  tirnt  is  dry.  Then  ai»ply  two  coat*  of 
\ii.  'i  and  allow  the  wimkI  to  dry  thorou^ddy.  Xi'xt  apply  a  coat  of  raw  liiisti'd 
oil  HJtli  a  tloth  rntlitr  than  with  ii  bni^h.  ko  us  to  tfvt  it  very  thin.  The-  thf 
top  is  tlioriiii'.dily  wiifht'd  with  Hiap-.mids.  Tlu"  linish  in  <'lK)ny  Uliuk  luiu  .  r- 
ninut'iit.  Old  Uiulio  I'lin  he  treittcd  in  tliis  way  tf  thoy  urc  first  scrapo.i  iiid 
planed.  This  is  a  nii'thod  u.s«>d  larjicly  in  l»i'nnmrk  and  (Jcrniany  and  also  usi-d 
much,  within  recent  years,  in  America. 

•I  i!y  means  of  u  woollen  cloth  apply  to  the  clean  surface  of  the  heiicli  a 
nii.Murc  of  e(|ual  parts  of  turpentine  ami  lin.siH'il  oil.  usin^  it  freely  and  ruhliinjf 
it  in  eveidy  and  well.  Let  it  dry  for  two  or  thrive  days.  Dissolve  in  tur)MMitiiu> 
>huvinj;s  of  yellow  hees'-wax  until  the  mi.xture  forms  a  jelly  which  at  ordinary 
temperatures  iji  alniut  the  consistency  of  vaseline,  iH'comin^'  a  dear  litjuid  when 
slijjhtly  warmed.  Apply  this  warm,  liy  means  of  a  woollen  cloth,  rubliin^'  it  in  as 
in  the  case  of  the  first  mixture,  and  Ivi  it  dry  over  nijfht.  Polish  hy  ruliliinfr 
first  with  a  hriek  or  flat-iron  covered  with  a  woollen  cloth  and  tiu.v  with  a  jMece 
of  dry  cloth  held  in  the  hand.    .\  reapplication  of  the  wax  is  advisable  oecasionally. 

For  chemical  Ijeneh  tops  other  nuiterials  are  sometimes  n.sed.  Wood,  treated  as 
mentioned  aliove,  will  in  time  become  stained  and  corrodiil,  and  more  resistant 
nuiterials  are  found  necessary.  Slate  one  inch  thick  laid  on  a  wooden  base  is 
resistant  enoujib.  It  is.  however,  (piite  |H)r<>us.  and  alisorbs  the  chemicals  and 
stains  badly.  .\  bench  top  that  has  much  to  reconunentl  it  and  is  pleasant  to 
the  eye  is  one  of  plate  jjlass.  The  plate  should  have  corrufjated  rubber  fillets 
under  it.  so  that  it  may  lie  quite  firmly.  It  is  easily  kept  dean,  not  attacked 
liy  any  ordinary  chemicals,  and  has  a  fine  ap(K'arance:  on  the  other  hand  it  is  costly, 
occasionally  breaks,  and  is  very  hard  on  glassware.  The  thin  '.eakers  and  flasks 
have  to  be  placed  on  it  with  jjreat  care,  or  they  will  crack,  and  it  is  unsafe  to 
place  hot  vessels  of  >:lass  or  iron  on  it,  as  the  sudden  heatinj;  may  prmluoe  a 
ira<k.  I'ndoubtedly  the  best  nniterial  for  the  tops  of  chemical  Iwnches  is  a 
form  of  sDapstone  that  ffoes.  in  America,  under  the  trade  name  of  allwrene  stone. 
It  is  not  |)orons  and  so  will  n(.t  stain  deeplv,  it  is  so  soft  that  it  is  easily  worked, 
and  is  as  easy  on  glassware  as  is  wood :  it  is  attacked  by  n<me  of  the  ordinary 
reajfents:  stronji  acids,  when  left  in  contact  with  it  for  prolonged  periods,  produce 
no  apparent  effect.     It  is  very  durable  and  by  proper  oversight  on  the  part  of 
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tin.  tt...-lH.r  ,,n  U-  k..pt  fn..  fn.n,  mutil.tion  f„r  ye.r«.     Whil..  the-,,  m.tfri.l. 

e'nS^i  ;„'  hi  r  T  '".  'T  '"■■/^'»"»'.v  h.u.L,  they  an-  not  to  U,  r.  „! 
meide.1  for  bioloKi.al  h.wI  phyHu.l  b«m-h  topn.  Thov  .ro  .«h|  «„d  m.nlo.«„t 
to  tho  to«..h  n,u\  nr.  not  ..nUl.h.  for  ..l.„,pi„«  .pp«„,UH  to.  It  ouhlK 
««rcoly  „.,..oM.ry  lo  ..,v  that  ...arl.l..  to,,  for  .h..,nLtrv  k-n.-h...  are  .  u lit 
«l.h.  «  anything  U  ,.  ,H».«.hle  to  inm^inc.  for  every  novi...:  i„  d.on.i.try  know  that 
nmrhle  u  v.Koron.lv  .orro.h..!  hy  all  aei-h.  an.I  1.  ■  „unv  other      e  .Z.  r  a/well 
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Ht.M.U  are  ,......., Hr.v  in  the  hi ^.y  lalK.r«torv.  «.  ,1...  pu,,il  .l.^..  prartieally 

all  the  work  winle  1...  ...  ..tt.MK  ,lown.    They  are  not  ko  en^-ntial  for  pupik  while 

IH.rforn.,,,;^  ..xp..r.nH.nt«l  work  in  ,,h.VHieH  or  ehennntry.  a.  H.uallv  they  prefer 
tortan.;  hut  when  nutnu tion«  are  beinx  Kiven  hy  the  temher.  they  will  re.,nire 
to  m  at  the  iH-ncluw  to  take  noteK.  Of  ..ours...  wnert.  tl...  !«lK,rat.,r;-  in  „Uo  L.I 
t  ■,  ;'";"'"";""»^""  »"•'  "Mltation  n-on..  Ht.H.ln  „,u.t  U.  «upplie.l.  The  .tool 
.houl.l  Ik.  of  Hueh  a  hei^'ht  that  the  pupil,  when  ..ate.1  at  th.'  iH-mh.  will  Ih!  in 
.ueh  a  ,mH.t.on  that  hi.  fi.rearm  r...t.  horiz.,ntally  on  tl...  top  without  punhin^  up 
the  shoul.len..  For  iMoloKy  the  Ht.«.U  .houl.l  U-  .li^,htly  higher  tlu.n  tL.  ho  that 
.youuK  pup.U  ean  l.n.k  eon.fortahly  thn.uKh  the  n.i..r..;..o,M..  In  ..r.ler  to  obtain 
the  alK,  e  eon,l.t.o.,s.  the  top  of  the  .t.«l  .hould  k-  11  in.  lower  than  the  top 
of  the  iH.M.l,   ,n   phvs,..8l  and  .henii.al  lalKiratorien.  nn.l  about   10  in.   h.wer  in 

fhl^  t  ol     ''r,  '"  '"■.•'"/", ''^'  '""»'"''••  for  t''^'  I'"fil«  to  work  at  while  .tan.lin,^ 
lif     ^'r   /'"  rT"'  *"  '•"  "'"'  ■  "■  '''«•'•     ^^ii''  ^^""1^  ^"  hiilh.  the  pupils' 
IZjt  ""*  """■''  "'*-"  "'""•  ""'  ••"'""  -«ti"«-P>»'-  for  the  feet  nn^t  bo  "u 
her  a.  a  ..ross-pu....  running  In-tween  two  le^.  of  the  st.n.l  or  a  foot-rest  une 

.tabi  .  SometHnes  .-hairs  with  Im.ks  are  „.sed;  these  are  nu.re  ..on.fortable 
.ut  t  ke  up  «,  n.ueh  roon.  t!«t  they  are  fre.,uenjy  in  the  way.  .\  stool  tih 
t  re..  h.js  always  re.ts  w.th  it«  le,s  on  the  fl.n.r.  but  it  .s  rather  weak  an.I  easi  v     !^ 

?rred  ^  f  "-';*f^« V''"°  •  ^'"'  "'''"'  "  ^'^'•"'"  "^  «  rectangular  top  i.  to  he  pro- 

thi    A.^f""^"'-"-/'"  '"  tlH'  top  of  the  seat  make,  a  conyenient  opening 

hrouph  wh.ch  the  han.l  nu,y  be  thru.t  for  lifting  the  stool.     Otherwise  it  i«  very 

Sr/o  id     Th7l'    ";"•,  ""'  '"""  ''  ''"'"^"^^•-    '^^^^'^  ^*-'^  should  Inla 
quite  80  Id.    The  legs  an.I  eross-pu.e,.s  are  made  of  reetangular  piece,  rather  than 

a  reydWnl  t""'^"  ""l''  ""  """•'  *•"  '*-'"*'^-     ''  '^  doSbtful'if  The  a  lantlge 
of  a  reyolung  top  are  not  more  than  counterbalanced  hv  the  incre«s,.d  ^y..akn«.V 

prea  er  no.se    and  a  strong  tendency  on  the  part  of  the  boy    to    "  t  t lem  a^' 

wh  rhng-machines  for  amusement  purposes.    Tn  girls'  schools  a  chair  wtha^ack 

.s  to  be  preferred^    The  lK.tton,  -  f  the  legs  should  ahyays  !«  coyere.    b v  a  n£ 

d  s tn^h^b  J^r  T'  '^"^  ''     "  '"'^^'"'^  '^  »'""  »»-"*•  -l-'f^  i-^  very  likTvl 

disturb  the  work  of  the  room  di  jctly  below.  ' 
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LABORATORY  WATER  SUPPLY 

A  supply  of  water  is  a  necessity  in  the  scifiue  room,  and  the  onlv  satis- 
factory provision  for  supplying  it  is  to  have  it  flowing  throuj^h  pipes  from  taps. 
In  the  chemical  laboratory  a  tap  and  a  sink  should  be  supplied  to  ;.i,ii  wo -king 
place,  while  in  the  physical  laboratory  only  a  few  taps  and  sinks  are  reciuired. 
Kuniiiii^r  water  is  also  needed  in  the  biological  laboratory  for  sui)plviMg  aquaria, 
watering  .plants,  washing  dissecting  pans,  etc. 

Ill  towns  supplied  with  water-works  there  is  no  dillicultv  whatever  in  the 
source  of  suj>ply.  But  in  the  towns  and  viilag.'s.  where  a  gocMJ  mauv  of  the 
smaller  schools  are  located,  there  is  no  system  of  wnterworlo  and  m  re;il  "difiiculty 
presents  itself.  All  8ort^  of  inconvenient  an<l  cheii])  arrangements  are  to  be  found. 
Sometimes  the  caretaker  carries  waier  in  jiaiis  to  be  ladled  out  bv  the  pupils  as 
re.|uircd,  tin;  waste  being  caught  in  a  barrel  below  the  sink  if  sucli  a  coiivenieiue 
18  i)re8eut.  The  solution  of  the  problem  is  a  very  simple  one,  and  it  is  surprisin.^ 
that  school  boards  have  not  more  frec|iieiitlv  litted  the  schools  in  an  adequate 
manner  to  supply  this  need.  The  progressive  farmers  in  the  country  now  have 
running  water  in  their  houses  and  stables;  and  what  can  be  done  bv  the  individual 
as  a  convenience  for  himself  and  his  stock  is  >iirelv  not  too  expensive  to  be 
supplied  by  the  community  for  their  children  in  the  s.IkxjIs. 

There  are  two  methods  of  producing  a  Mipply  of  flowing  water  for  buildings, 
namely,  by  means  of  the  gravity  tank  and  th(>  pneumatic  tank.  In  each  case  the 
source  of  supply  is  either  a  well  or  a  cistern.  If  tlie  water  is  u.-'d  for  laboratory 
I>uri)oses  only,  rain-water  .-.dlected  in  a  cistern  is  l>v  far  the  most  suitable.  Well- 
water  IS  usually  hard,  having  varyin-r  amounts  of  salts  dissolved  in  it.  The-e  will 
give  some  very  pu-czling  reactions  in  .hemical  experiments  and  will  be  a  source  of 
great  confusion  to  both  i)upils  ami  teacher.  If  such  water,  or  that  from  the  water- 
w-..rks  IS  ut.li.ed,  much  of  the  accurate  work  in  chcmistrv  will  require  a  supply 
of  distilled  water.  Cistern  water  is  so  free  from  salts  that  will  interfere  with 
chemical  reactions  that  it  is  almost  as  good  as  distilled  water.  It  is  proposed 
to  describe  the  method  of  utilizing  rain-water  Tor  laboratorv  purposes  and  then 
to  show  what  niodihcations  are  necossarv  when  a  well  is  used  instead 

The  gravity  tank  method  is  considered  first.  Some  schools  have  a  tank  in 
the  attic  connected  with  the  eaves  troughs,  but  this  is  not  sutlicient  provision  unless 
tir  li  .'arge  enough  to  store  a  supply  that  will  last  throughout  the  winter, 
when  there  IS  little  or  no  rainfall.  A  tank  of  such  weight  would  be  unsafe  in 
an  a  tic  The  proper  method,  as  illustrated  in  Figure  3,  is  to  have  a  cistern  dug 
the  basement  to  accimulate  the  rain-water  during  the  rainy  weather,  and  to 
pump  It  to  a  small  attic  tank  from  time  to  time,  as  re.piired 

.  n    "  '"1.°^  ^^^  '^''*"'"  ''"'  '">'  ^""'  *'""  '"■^''  "f  the  school.     Tn  most  parts 

oL  ,    ."'k  ^""iJ'  ''"•'  '""f""   '"   '^'  ^^•'"*-  -"1   ^-V  little   water     an   be 
Ob  amed    by    rnelt.ng    snow.      The    cistern    should    be    made    largo    enough    to 

n  e^^   nTefeT         "''^  •^'  "*  '^"^'     '"''^  "^*^""^   ^""'"^^   ''^  '"-t-'   -   th     base- 
^^iLTL       J''e  former  ts  stronger,  but  is  more  difficult  to  construct.     Its 
«alls  may  be  made  of  concrete  or  brick.    If  they  are  made  of  brick.  tho«e  should 
.  .ard  and  of  good  quality.     The  walls  should  be  about  8  in.   thick'  laid 

ala^o?  eemJ.      'T"' r't^i     '"''«  "'^°'^  '^^'^'^  -should  be  plastered  with 
a  .oat  of  cement  mortar  also.    The  cement  mortar  is  composed  of  one  part  of 
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rig.  3.— Vertical  section  through  a  part  of  the  school  building  to  show  the  arrangement  of 
pipes,   etc.,   for  a  supply  of  running  water  in   the  lalraratory 


LABORATORY  WATER  SUPPLY 
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good  Portland  cement  and  two  parts  of  clean,  sharp  sand.    A  vertical  partition 

of  hrtlT'^H  ..  'Vf ""  '"^"  '"•'  --P"t'"-t«-  The  partition  is  a£  made 
of  br  ck  and  all  of  it,  except  the  lower  15  in.  is  treated  exactly  as  the  sides 
This  ower  par  ,s  composed  of  six  or  seven  courses  of  porous  brick  laid  together 
wthout  cement,  and  .'surface  is  not  covered  with  mortar.  It  acts  as  a  filter 
The  water  enters  one  chamber  and  fdters  through  this  porous  partition  into  the 
other,  from  whu-h  ,t  ks  used  for  laboratory  purpose..  Attaohe.F  to  tl^  cZ,art- 
ment  into  winch  the  water  enters  first  i.s  an  overflow.  This  is  situate  I  a  a  Twer 
le^el  than  the  top  of  the  partition  and  is  connected  with  the  drain.     A  force- 

STfrnor       T  *^V''t™'  J^"™?'  '^'  ^"'''  ^^""'  '^'  c-ompart,nent  containing 

he  hltered  water  ,nto  the  att.c  tank.     In  the  bottom  of  the  cistern  there  is  a 

depressjon  at  one  corner,  which  will  b.  useful  i„  baling  out  the  last  of  f  Icwltor 

roof  IS  retained  ,n  the  c.stern.  ,t  .should  be  thoroughly  cleaned  out  once  or  twice  a 

T».„  1'"^""^.  *'■'•'."  "'•'"*■''  *'"'  "'"'■''  ''  ''"'""liat'^ly  used  is  placed  in  the  attic. 
Ihe  higher  Its  situation  the  greater  the  pressure  at  which  the  water  will  be 
delivered.  Ih.s  tank  must  be  located  at  a  part  where  it  will  not  get  below  the 
freezing-point  during  the  winter.     It  may  be  made  of  wood,  iron,  or  steel      If 

'!"'■'        ,  T     '  *''"  ''"*^'''^''  "^  ''  '^'"  condense  much  moisture  during  humid 
weather,  an.l  tins  inoisture  will  drip  on  the  ceiling  below  and  ruin  the  plaster 

car. bo'" V'  "7'"""V-'     '*'■'!'"  "  >-'"'^«'"^'*'l  •''•iP  pan   beneath  the  lank,  which" 
catches  .Ins  water:  this  can  be  made  to  drain  into  the  water-pipe  carrvin.^  the 

one"n";!h  \      T^  "^^   *"   ^^'   '^'''""    <^''-    ^^-     ^s    tank  "nm-   be 

tIw,;   %"'     r^''   f    *^°    '""*'"    '''''    '^    '""^'t    '^•''^•«    «    ^^•ater-.seal     valve. 
Tlie  «ater  from  the  roof  caught  in  the  eaves  troughs  is  led  inside  the  build- 

lefow  rFi/\^^  of  large  size.  A  vertical  pipe  carries  it  directly  to  the  drain 
1.  low  (hg  3).  From  this  vertical  pipe  lateral  branches  lead  into  th<.  attic  tank 
and  into  the  cistern.  At  the  juncture  of  these  lateral  pipes  with  the  vertS 
one  are  located  automatic  float  valves.  These  close  the  Vertical  pipe  beirtt 
juncture,  unf  the  tank  or  the  cistern  is  full.  but.  when  these  are  fiH  d.  tl  val  cs 
so  .ct  as  to  close  the  lateral  pipe  and  to  open  the  vertical  one.  It  so  I  e 
o  d.-pend  on  these  valves  alone,  thcreiorc  overllows  are  ,,Iace,l  so  as  to  dra  n 
bo  1.    ank  and  ..tern  into  the  vertical  pipe  wliich.  as  stated  above,  is  conn  cj 

I    he  dram.     These  overflows  shouhl  be  larger  than  the  inlets  so  that  there 
«.ll  never  be  any  danger  of  either  tank  or  cistern  overflowing.     If  these  over 

car'dTtlr^  T/"°  "  '?■"'  "*'°"'  ^^^  '''''  -'-^  -'""ht  ^^  entirelv  dis- 
carded,  but  the  dDuble  precaution  is  to  be  rc-onnneiuKd.  \  cut-off  should  be 
placed  on  the  ra.n-water  pipe  so  that  the  water  can  be  diverted  outside  wh 

a    r    si  irrK-:''  '"  if """;  ^*  ''^^  ^^-'""-^^  °^  ^  shower,  when    h 
rtJ-    f    I  "^"^y-  "'  ^^^  '•'°*  ^"'^  ^'•""^hs  become  covered  with   dust 

«ow  oiiirurtr^  ^'' '''  '^^°-^->-  '"^^  '•>•  ^''-  ^^-  --'"- 

Dy  W.  &  B  Douglas,  Middletown,  Connecticut,  is  .shown  in  Figure  4  This  tank 
.s  ocated  in  the  basement  near  the  cistern.  It  is  a  steel  cdin.ler  and  s'  ' 
water    IS    pumped    in     the   confined    air    ,s    compressed    and '  everts    a    pressure 

ImZTti-  T  T  ""''  '''  "^^"  ""'  '*""™^''^>-  "-  water' will  b^ 
Tra^^tv  tank  U  ^  \  .""  ",'""',  "''"""'"•  '^^^  "■"'•^"'"  •^<'^"-'tH.es  over  the 
graMty    tank.     It   ,s   ..hurd    ,n    the   basHi.ent    and    is   conipletelv   pr..,te.ted    rn.in 
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frost.  It  its  also  more  accessible,  and,  if  it  springs  a  leak,  only  a  little  water  will 
run  out  on  the  uellar  floor,  while  such^an  accident  happening  to  the  attic  tank 
nii<;ht  prove  disastrous. 

A  force-pump  is  utilized  both  in  raising  the  water  to  the  gravity  tank  and 
ill  tuning  it  into  the  pneumatic  tank.  A  windmill  is  not  to  be  recommended  in 
<uinu'('tion  with  a  school,  as  it  is  noisy  and  liable  to  get  out  of  order.  A  small 
jrasolcne  or  oil  engine  might  also  be  used  to  work  the  pump  in  larger  schools; 
liut  ui-ually  a  willing  caretaker  is  all  that  is  required. 

The  custom,  almost  without  exception,  is  to  run  the  water-pipes  within  the 
Willis  and  under  the  floor.  This  is  not  a  method  to  be  recommended,  particularly 
with  the  wiiste-pijK!!-.  All  .»iliould  be  exposed  so  that  they  can  be  examined  without 
ililliculty.     The  vcrtiv/al   pipes  should  run  close   to  the   wall   but  not   within   it, 
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Fig.    4 — A   piipumatic    tank   and   force-pump 


iiiiil  iiil  |)i|)i's  ruiiiiinjr  liorizonfjiUy  >li()uld  ]iass  just  below  the  ('oiliiiix.  The  inlet 
|)i|ifs  and  \va~tf-|)i])cs  of  tiic  laboratory  should  pass  directly  through  the  floor  to 
tile  eeiliiiir  of  the  room  below  and  should  run  along  it.  Ry  pjiiiitinu-  tlieiii  of  ilie 
same  eoloiir  as  the  ceiling  tlicv  beeonie  (|U''     ineoiispicuous. 

The  .-ize  of  lioth  the  water-])ipos  and  the  wastc-pi|)es  de,  ends  on  the  minilier 
iif  working  places  in  the  Laboratory.  .\  water-pipe  should  lie  chosen  suiruieiitly 
larire  to  jiive  a  free  flow  of  water  from  all  the  taps  of  the  laboratory  even  when 
tliey  are  all  running  at  the  same  time.  .\11  inlet  pipes  arc  made  of  iron  and 
slioiild  be  galvanized  both  inside  and  out.  Tf  they  are  made  of  ordinary  black 
iron,  the  wat'T  standing  in  them  will  cause  the  formation  of  rust,  and  this  dis- 
colours the  water  and  makes  it  unfit  for  chemical  experiments.  Sucli  rapid  rust- 
inir  also  diminishes  flie  life  of  tbi-  pipe  bv  one  half.  The  waste-pipes  are  made 
preferably  of  bca\y  lead,  as  the  acids  would  eat  through  iron  piping  very  quickly. 
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1!) 


Laboh.vtokv   Sinks  ,\m)  Taps 

It  is  altogether  too  loinnion  to  fit  up  laboratory  sinks  witii  ordinary  kitchen 
tiips,  Iwated  low  down,  so  that  it  is  inipo:  •^ihlo  to  -ret  a  bottle  under  one.  The 
taps  should  be  of  the  swan-neck  style  as  illustrated  in  Figure  r>.  The  distance  from 
the  opening  of  the  tap  to  the  l.ottoui  of  the  sink  should  be  from  18  in.  to  15  in.,  so 
that  all  ordinary  \,.>s,.N  can  be  placd  b^-low  the  tap.  The  valve  of  th-  water- 
tap  should  have  a  wheel  cut-off,  but  the  valve  of  the  gas  tap  should  have  the  lever 
style  of  cut-off.  The  mouth  of  the  tap  should  he  small,  tapering,  and  corrugated, 
so  that  rubber  tubing  of  various  sizes  can  be  pushed  over  it  and  remain  firmly  in 
this  position.  The  style  of  corrugation  illus- 
trated in  Figure  .">  is  recommended  by  the  W. 
&  J.  (I'eorge  ConiiJany  of  Birmingham,  as  well 
iis  by  others.  The  taps  should  he  of  gnn-meta?. 
as  the  corroding  fumes  will  not  tarnish  this 
material.  Brass  or  nickel  arc  sure  to  lose  their 
bright  lustre  very  quickly,  and  will  not  look 
well.  Various  special  taps  can  now  be  pro- 
cured, as  may  be  seen  by  consulting  the  cata- 
logues of  fcientific  apparatus  issued  by  the 
English  and  continental  dealers. 

«>idy  sinks  specially  prepared  for  science 
laboratories  should  lie  used.     Generally,  these 
cannot  be  procured  locally.       Sinks  made  of 
enamelled  iron,  such  as  are  used  in  bath-rooms 
and    kitohens,    are    unsuitable    for    laboratory 
purposes.     The  enamel  chips  off  and  then  the 
iron  is  exposed,  which  rust  and  acids  soon  eat 
through.     The  sink  should  be  made  of  vitrified 
stone-ware  or  enamelled  fireclay,  with  a  white 
f:laze  on  the  inside  and  a  cane  glaze  on  the  out- 
side.      The  depth   should   not   be  more  than 
«  in.,  and  5  in.  would  he  still  better;  but  such 
siiallow  ones  seem   dillicult  to  procure  unless 
they  are  made  to  ordei^  which  greatly  increases 
the   cost.        The   bottoms   sliould    be    (lat   and 
should  have  a  slight  slop,,  toward  the  outlet,  so 
that  ])ools  of  Avater   will    not    remain    in   the 
bottom  to  stain  the  sink  or  give  off  foul  odours. 
Oil  no  condition  should  the  bottom  be  rounded 
Zoul'L7f'"7  >^a«.-roc,m  sinks.   These  sinks  are  frequently  used  as  pneumatic 
or  both  tbo,       ^*''"^'"^g;«^'^-«'"°  '".  «nd  ^-ith  a  curving  bottom  they  are  useless 
for  both  these  purposes.  There  are  two  ways  of  placing  sinks  in  the  bench.  Either 
they  have  nms  and  a  projecting  flange  and  are  set  flush  wiih  the  bench  top,  or  they 
a.e  se    entirely  under  the  top,  the  latter  projecting  slightlv  over  them.    When  thev 

iu^tZV.''     f    ?"T  Pf*'""'  **Jfy  "'  ^'^^  ^°  ^^"'^  '^y  '™"  '^^^kets  screwed 
to    he  lK,ttom  of  the  bench  top.     The  latter  method  is  ahn.vs.  to  ho  preferred 

as  the  projecting  bench  top  prevents  splashing  from   the  sink,  and  the  lenka.'e 

between  the  sink  and  the  top,  which  is  common  when  the  former  method  is  used. 

is  entirely  avoided.     At  pupils'  benches  only  a  small-sized  sink  is  neees.-.rv;  one 

1-  in.  by  10  in.  by  .,  „,.  ,s  a  suitable  size.     For  the  tefleher's  I,..,„  I,  ■.^  I,,,-..,-  „„.. 


FlK.  5. — Swan-necked  water-t.-ip,  suit- 
able for  a  laboratory  sink.  To 
the  loft  is  shown  the  corrugated 
nozzle  enlarged. 
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i8  necessary.  One  of  large  Jiineusions  in  some  part  of  the  lalwratory  ig  con- 
venient for  washing  large  glass  vessels.  The  bench  top  slioiilil  project  about  Mj 
in.  over  the  opening  of  the  sink  all  around  in  order  to  preveiit  splashing.  A 
slight  furrow  on  the  under  side  of  the  projecting  top  all  around  prevents  the 
drip  from  running  in  on  the  under  side  of  the  top.  The  sinks  should  always  be 
placed  close  to  one  end  of  the  bench  and  toward  the  back,  so  that  a  surface  as 
large  as  possible  will  lie  left  free.  The  sinks  are  not  placed  in  the  benches  at 
all  in  some  laboratories,  but  on  brackets  at  the  ends;  but  this  is  not  to  be  retom- 
mcnded,  as  in  this  jwsition  tln-y  occupy  too  much  valuable  spaie  and  cause  a 
good  deal  of  spilling  of  water  on  the  floor  around  them.  The  outlet  of  the  sink 
may  be  dosed  in  various  ways.  A  porcelain  grating  is  sometimes  placed  in  the 
opening,  and  there  is  nnich  to  be  said  for  this  arrangement.  The  grating  is 
just  as  (l)ir.Hble  as  the  sink,  and  when  it  is  Jiece-ssary  to  use  it  for  a  ])ncuniatic 
trough  a  ]iiccc  of  sheet  rubber  can  be  placed  over  it.  Urass  sockets  with  grids 
arc  sometimes  tixcd  in  tiic  openings  with  putty,  and  a  brass  plug  fits  into  these. 
The  brass,  however,  is  easily  attacked  by  acids    and  soon  becomes  corroded.     .V 


Fi(?.  6. — Outlet  (if  sink 
Khowinf;  a  lead  grid 
and  a  puicelain  |>1uk 


Fig.  7. — Outlet  of  sink, 
Mliowlni;  the  standinfr 
waste 


lead  grid  with  a  porcelain  plug  (Fig.  tj)  makes  an  outfit  that  can  be  highly 
roconimeiided.  The  plug  should  always  have  a  chain  attached,  so  that  it  can 
be  removed  from  the  opening  without  putting  the  bands  into  the  water.  ■\11 
sinks  should  be  furnished  with  an  overflow,  which  is  connected  with  the  outlet 
through  the  wall  of  the  stone-ware  itself.  An  arrangement  very  frequently  met 
with  in  sinks  in  English  laboratories  is  a  standing  waste  (Fig.  7).  This  is  a  hollow 
plug  that  fits  into  the  outlet  and  is  open  above,  so  that  the  water  when  it  rises 
to  the  top  of  the  plug  overflows  through  it.  This  plug  is  usually  of  lignum  vita; 
or  ebonite,  the  latter  being  the  better.  With  such  a  plug  a  lateral  overflow  is 
unnecessary.  The  only  objection  experienced  in  using  such  plugs  is  that  in  small 
sinks  they  require  so  much  space  that  they  are  somewhat  in  the  wiy. 

WaTER-PiPES    A.-«D   W.iSTE-PlPE3 

The  water-pipes  coming  to  each  tap  should  have  ».  screw  down  cut-off  just 
above  where  they  pierce  the  floor.  Then  if  one  tap  needs  to  be  repaired,  the 
water  can  be  cut  off  from  it  without  affecting  the  others.     A  main  cut-off  should  ' 
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also  control  the  water  supply  to  all  the  taps.  As  in  many  schools  fires  are  j.ot 
kept  burning  during'  the  Christmas  holidays  there  should  be  pimed  in  the  base- 
ment a  cut-off  of  such  a  kind  that  when  the  watt-r  is  turned  off  the  pipe,  are 
drained. 

The  waste-pipes  from  the  sinks  should  Iw  made  invariably  of  the  best  .aialitv 
of  drawn  lead      This  should  i,e  quite  heavy.     If  the  pipo  is  ll/„  in.  in  dian.eter. 
It  should  weijth  ;J  11..  t..  the  f.K,t:  if  •>  in..   .  lb.:  «„,!  if  ;t  in..  tJ  11,.     Iro„  pirn-, 
for  waste  are  unsuited  to  laboratories,   where   tlu-  .orrosive   Hui.ls  woul.l    .,ov.. 
destructive  to  them  in  a  very  short  time.     The  lea.l  wastes  from  each  si„k  mnv 
pass  directly  into  the  main  wastp  without  haviuK  a  trap  on  each,  one  hu-,.  trap 
being  located  on  the  main  at  its  lowest  point  U-fore  it  passes  to  tin-  basement 
Ihe  vertical  wastes  from  the  sink  should  never  ..onne.t   with  the  main  ,it   rijiht 
angles  but  always  ..bli,,uely  in   the  direction  of  the  ll„«.     The  horizontal    waste 
should  nowhere  have  a  drop  of  less  than  one-f..urth  in.h  |H«r  foot  an.l  ^houbl  have 
dean-outs  at  the  ends,  at  each  horizontal  bend,  and  everv  liftc,.,i  feet  apart  when- 
1    runs  in  a  straight  line.     Between  where  the  last  sink  wasf  enters  the  main  pipe 
and  w-l,erc  the  latter  leaves  the  room  there  should  be  situated  a  trap  in   whi.h 
all  sednnents  an.l  coarse  solids  will  be  deposittnl:  this  .h<.ul,l   l„.  a.ressibi,  and 
should  be  cleaned  from  time  to  time.     As  all  the  traps  contain  standing  water 
S'   I'T      "  ■•'"r'."'-^^'  ^''«>'  ^^"'  "ot  freeze  .luring  th..  winter.     .Mrcomo,." 
tions  between  lead  pipes  should  be  wiped:  all  cmnections  between   le.,1  an.l    ro„ 
pipc-s  should  be  made  by  means  of  heavy  brass  ferrules  of  the  same  sij      s 
lead  and  caulked  with  lead.     Connections  between  cast-in.n  pipes  are  to  k-  made 
ght  with  oakum  and  lead  well  caulked.     The  lead  waste  is'to  be  eonnec  ^d  wkh 
tl^  out  et  of  the  sink  by  means  of  a  brass  ferrule.     This  brass  ferni      is    ,  , 

nested    o  tt"  1  TT"  '•'  'r^'"'  '°"°"'^'^  '•>■  -•"-*•  «-'  the  former   s    in- 
nected  to  the  lead  by  u  wiped    ..int.     The  waste-pipes  from  medium-sized  sink- 

In  England  an  entirely  different  method  of  carrving  off  the  waste  is  used 

OP  nTid^f:;'  ""^  "'"  ?"  '"'f.'  "'  "'*'  ^«-'-  Under  the  sink!  Lis  n 
open  trough  of  wootl  or  porcelain,  which  slopes  in  one  direction       Ml  the  w>,«h. 

ine  waste  and  falls  into  the  trough.     This  trough  at  its  lowe.st  end  emoties  inh, 

Eon  f T."'r  I  T'  'r'"'  *'"-"  ^^""•-  •^"  -"''^  «"-•  -linu-ntTsi  k  tT.  the 
hot  on,  of  the  tank  and  can  be  removed  from  time  to  time.     In  such  an  arrange 

hard  '^:V  '"  T'""'^'  ''^"^•^'  ""'^  "°*  '"''■'.V  t°  be  blocked  u,"  On  th  oE 
tri.  tS  '^'''"'"^  ""*'""  *"  ^•'*'"*^  '"^^  -^  -hile  pissing  a,...:  h" 
h,     1  I     .      '■'  *"  «"«"*-'^''"''"'  i«  ooly  suitable  for  Ion i  benches  a.ul    Z 

iXn^'  """'"^•'  ^""'  '-'-'-  -'  -'  *"  ^-  recomniem;?d\r1;i;h 


HoT-WATEB  Supply 

It  is  of  great  .•onvenience  to  have  a  hot-wator  supplv  comin-  from  at  least 

Z  l'Z:trT,  ^"  '"  'r''  t""''^  «  ''ot-waS^r  t.nk.  h^at'^.n-"!. '^ 
fire    IS  kept  in  the  toiler  room  to  supply  the  wash  basins  an.l  to  furnish  water 

convenience  exists,  pipes  connecting  it  to  the  demonstrator's   bench   should  b^ 
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installed.  Where  no  such  arrangement  exintg,  a  gmall  water  heater  can  be 
easily  installed  in  any  science  room  that  has  running  water  and  a  gas  supply. 
The  Huud  and  Vulcan  heaters,  manufactured  in  Toronto,  require  a  water  tank  such 
as  is  usftl  for  the  hot-water  supply  in  kitchens.  A  very  handy  form  of  water  heater 
(Fig.  8)  is  manufactured  by  Fletcher,  Russell  &  Co.,  Warrington,  England,  which 
can  Ih!  fastened  directly  to  the  wall.  There  is  no  storage  tank  required  with 
this  heater,  the  water  beinj;  heated  while  it  is  jiassing  through  the  metal  coils. 
It  will  deliver  almost  two  quarts  i)er  minute  at  about   Uiti°   Fahrenheit. 


Klg.    n, — A   liotwater    heater   Hullahle    for    the    laboratory.      It    1» 
screwed   directly   to   the   wall 
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The  luo.st  frequent  operation  of  the  laboratory  is  the  application  of  heat 
to  different  bodies.  Various  sources  of  heat  are  used  according  to  the  circum- 
stances of  the  school.  Wood  alcohol,  gasolene,  kerosene,  coal-gas,  and  acetylene 
are  the  substances  most  frequently  used.  Coal-gas  is  always  th<}  fuel  used  wherever 
it  is  available.  Unfortunately  it  is  only  available  in  the  larger  towns  and  cities 
of  the  Province.  There  is  no  doubt  that  it  is  the  most  suitable  of  all  fuels  for 
the  laboratory.  In  almost  all  the  smaller  schools  throughout  the  Province  the 
ordinary  glass  or  brass  alcohol  lamp  is  the  chief  means  of  heating,  but  it  is  very 
unsatisfactory.  The  heat  f'-am  it  is  very  feeble  and  quite  incapable  of  producing 
the  requisite  temperature  T  r  the  successful  performance  of  many  of  the  experi- 
ments in  physics  and  chemistry.  It  also  wastes  much  time  on  the  part  of  the 
pupil,  as  an  operation  that  could  be  performed  with  gas  in  a  few  minutes  will 
take  threa  or  four  times  as  long  when  performed  with  the  alcohol  lamp.  Besides 
it  has  been  abundantly  proven  by  government  tests  that  it  is  much  more  expensive 
than  kerosene  or  gasolene,  and  that  it  is  not  to  be  compared  with  coal-gas  for 
cheapness.  Last  of  all,  the  ordinary  laboratory  alcohol  lamp  is  a  dangerous 
thing,  as  has  been  proved  again  and  again  by  accidents  that  have  happened  through 
its  use. 
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If  alt-ohol  lampM  are  used,  some  of  a  Hpocial  »tructure  are  uoconsary — in  order 
that  11  tianiu  may  bo  prodmed  of  sufficient  temperature  to  niai<e  poxitible  the  jht- 
furniaure  of  the  most  common  expcriment«  in  chemistry.  To  convince  one  of 
thi8  it  ig  only  necessary  to  state  that  an  ordinary  alcohol  lamp  docs  not  ;,'ive 
sufficient  heal  to  burn  magnesium  in  a  crucible,  to  calcine  limestone,  or  to  nielt 
a  pice  of  medium-sized  glass  tubing  sufficiently  to  l>cnd  it  or  to  draw  it  out  to 
a  pointed  tube.  Several  alcohol  lamps  arc  now  on  the  marlvct  that  give  a  very 
powerful  flame,  and  a  supply  of  these  should  In-  present  in  all  whools  where 
this  substance  is  used  as  a  fuel.  Figure  i»  represents  one  of  the  best  of  these  lamps. 
It  is  listed  in  idl  Knglish  (■atah)gues  and  is  called  the  Automatic  Bunsen  Burner 
lor  Methylated  Spirits.  It  costs  about  five  dollars,  fn  Figure  ID  is  given  a  section 
of  it.  As  the  instructions  that  come  with  the  lamp  are  usually  in  (ierniun.  it 
may  k-  useful  to  give  an  abstract  of  them  here,  especially  of  those  that  have 
reference  to  the  cleaning  of  the  apparatus.     Deposits  from  the  methylated  spirits 
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Fl«-    »• — Automatic   BunRcn   burner   for 
methylated  aplrlta 


Fl(f. 


10. — Hection    of   automatic    Runsen    burner 
for  methylated  spirits 


in  time  clog  the  passage  in  the  handle  (H)  and  the  body  (M),  also  occasionally  the 
nozzle  of  the  burner  (D)  and  the  valve  ( C).  The  flame  will  then  burn  one-sided  or 
irregularly  and  too  short.  Use  the  pricker  which  accompanies  each  burner,  for 
pricking  out  the  nozzle;  but  never  use  other  instruments,  such  as  pins,  needles 
etc.,  for  if  the  hole  in  the  nozzle  is  enlarged  the  burner  cannot  act  properly' 
It  will  be  necessary  occasionally  to  unscrew,  the  burner,  to  clean  the  valve  (C) 
and  to  take  out,  clean,  and  replace  the  wires  in  the  passages  (H)  and  (M)  as  these 
wires  serve  to  collect  the  impurities  contained  in  the  methylated  spirits  When 
cleaning,  it  is  necessary  to  take  care  that  none  of  the  wires  are  lost  and  that 
the  whole  number  of  the  wires  are  replaced  in  their  original  positions,  the  thick 
piece  of  wire  in  the  centre.  The  asbestos  packing  (S)  of  the  valve  must  be  re- 
newed  when  worn.  All  parts  must  be  screwed  up  vapour-tight,  so  that  vapour  can- 
not escape  except  at  the  nozzle  of  the  burner.  With  this  burner  all  ordinary 
combustion  experiments  can  be  performed,  limestone  can  be  calcined  and  all 
other  --^rations  of  the  secondary  school  physical  and  chemical  laboratory  can  be 
snccessfnlly  carried  out. 
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FlK.   11. — Uunatn  burntr  for 
methylated    aiilrltai 


Thero  is  uow  a  Buiiitou  l)UMit>r  on  tlu>  iiiarkct  uliiili  Itiiniit  iiiutliylatvd  opiritx, 
anil  which  in  alnuMt  ax  I'tTtvtivv  hh  tin*  rcffiilar  Humm-ii,  rikI  in  ctTtainly  n  threat 
inipruvoiiK'iit  uii  the  old  form  of  Kpirit-lainp.  it  I.h  lllurirHted  in  Figure  11.  It  ii 
iiwi'soary  with  all  tht-m-  liurntTM,  wht-tlicr  for  hIcoIioI,  ^i.-inolciu-,  or  keruHiUif,  to 
Ket  a  tuliv  *o  hot  that  the  li(|ui<l  Ik  vH|H>ri/.i-il  in  pHH->in);  through  it  and  coniefl 
to  tiie  top  of  thf  tuk-  mixt-d  with  tin-  r«-i|iiir(il  uniouiit  of  air  for  coniph'tr  forn- 
hustion.  Thig  coinliui'tion  kct-ps  tht*  tnlM-  at  the 
proper  temperature,  when  once  it  hax  Ik-iii  raiced  to 
that  ]M)int.  A  special  method  of  heatinfr  the  tiihe  i^ 
at  flr8t  re(|uired.  In  the  Ruioicn  Imriier  for  methyl- 
ated "ipiritH  this  i«  done  bv  saturntin^  the  a^'lK'!'t<w 
ring  with  spirit8  and  putting  it  nroiind  the  tnlK>  ton- 
taining  the  wirk  of  the  lam|).  In  a)H>iit  half  n 
minute  vapours  arise  from  the  nozzle  and  are  ignited. 
The  (size  of  the  (lame  can  be  adjusted  bv  raising  or 
lowering  the  wick. 

The  \>est  and  safest  kind  of  blast  lamp  for  the 
lalmratorv  not  su)tp!ied  with  gas  is  one  that  Imrns 
kerosene  (Fig.  Vi).  It  works  very  siinpiv,  is  not  in 
the  least  dangerous,  and  gives  a  very  powerful  Hame. 
In  fact  the  Hame  is  as  eflieient  as  that  of  a  ))owerful  blast  lamp  utilizing  coal-gas. 
One  or  more  of  them  should  be  in  every  lalioratory.  In  order  to  start 'it,  a  little 
methylated  spirits  must  be  poured  into  the  ring  surrounding  the  tiilw  and  ignited. 
When  this  is  all  burned,  the  valve  is  opened,  and  the  kerosene  passes  out  as  a 

vapour  which  ignites  on  mixing  with  the  air. 

The  gasolene  blast  lamp  in  several  forms  is  com- 
monly used  already  in  the  high  schools  and  with  fair 
results.  The  chief  objection  to  it  is  that  gasolene  is 
very  explosive  and  its  use  is  somewhat  dangerous. 
These  objections  cannot  be  offered  to  the  same  ex- 
tent to  the  alcohol  and  kerosene  blast  lamps. 


ACBTYLBNE  OAS  PLANTS 

It  is  intended  here  to  advocate,  as  a  substitute 
for  the  use  of  alcohol  lamps,  the  installation  of  an 
acetylene  plant.  It  is  a  somewhat  remarkable  cir- 
cumstance that  very  little  j)rogress  has  yet  been  made 
in  the  direction  of  installing  such  plants  in  the 
8ch(K)ls  of  Ontario.  Many  private  houses,  churches, 
hotels,  and  public  buildings  have  installed  aeetyleiu 
lighting  plani-i  during  the  last  ten  years,  and  many 
lalmratories  in  schools  and  colleges  in  the  United 
States  have  bwn  using  it  for  laboratory  purposes: 
but  as  far  as  is  known  not  a  single  high  school  labor 
jitnry  in  the  Province  of  Ontario  ha«  yet  installer! 
one.  Bunsen  burners  are  now  on  the  market  thai 
burn  acetylene  with  absolutely  no  smoke  and  produ( 
a  temjieriture  higher  than  that  of  the  ordinar\ 
Bunaens  which  uf  ■   -oal-gas.     Its  value  for  illumin 


Fig.  12. — ^Kerosene  blast  lamp 
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•tUf  purpom  i,  tUo  unexcelled,  ..  it  givc«  a  light  more  nearly  approHching  that 
ol  the  aun  Uun  anj  other  illumiiunt.  A»  has  been  said,  the  heat  i.  ury  intent: 
WMt^Ja^nf  "  '""'*'   "*""  P"*"'"*   **»•"  'hat  of  the  oxy-hydrogen 

The  c.o«t  0/  installation  Ih  not  exce*«ive;  a  machine  that  would  be  Mti.factory 
Ti  ^^.'"'',*»"«i'°r«''«"t  three  hundred  dollar*.  This  doi-*  not  include  the  coat 
of  distributing  the  pipea  to  the  vari..us  roonm.  whj.li  would  vary  grcallv  in  dif- 

tJrhlJl  •  ♦K^  M,"°'  ^"^  '"'•^"^'"'  ^'  ^'  '"""'"'"'  '"  'ho  private  home,  in 
the  hotel  or  in  the  village  church,  and  hence  it  ou«ht  not  to  be  too  expensive  for 
the  school,  where  it  is  still  more  necessary.  After  the  installation,  the  cost  of  the 
gM  compares  very  favourably  with  that  of  coal-gw  at  ninety  cents  a  thousand  cubic 

„rH„J'''f  ^'""f';":  '■'  ':'"'''''-'  *"  "'"'"Pi'late  and  net  likely  to  get  out  of  working 
ordei.  If  a  tended  to  with  rcBso.mhle  care.  If  the  farmer,  the  .hurch  janitor,  and 
the  genera  servant-man  of  the  tillage  hotel  can  operate  succcMfullv  un  acetylene 
plant,  a  school  with  an  intelligent  science  master  should  have  no  .limcultv  in  the 
management  of  the  generator.  • 

AnoH?'""-^'  rf^-'""!  '*  ","*  '""'^  '"anfferous  than  kerosene  or  ordinary  ..,al-p.s. 
Acetylene  is  sti  m  its  infancy.  In  some  of  the  earlier  machines  there  were  ex- 
plosions. Now  the  properties  of  the  .u^as  are  thomujrhlv  understood,  and  the  «ener- 
ating  machines  are  so  constructe.1  and  automatically  protected  against  all  dan.'er 
that  they  are  quite  as  safe  as  any  other  means  of  lighting.  The  early  preiudice 
.gainst  them  has  not  entirely  vanished  among  those  who  do  not  know 'hu;  the 
nisurance  companies  recogni/c  that   .here  is  po  «rc«t   fire   risk   in  acetylene   in- 

liXin""''  "'  "°  '"™  '"" "'"  ""  """'""'■"  '■""*"'"'"-  *'''*  """"'-^  "' 

The  generators  are  of  two  kinds,  those  in  which  water  falls  on  carbide,  and 
those  m  which  carbide  falls  into  water.  The  latter  is  nlwavs  to  he  preferred 
^\•here  water  and  calcium  ca.-l.ide  meet,  heat  is  produ.cd.  an.l"  when  the  point  of 
contact  becomes  very  hot  gummy  substances  are  produ.cd  instead  of  acetv- 
ene,  and  tht^e  being  carried  to  the  burners  tend  to  ..log  an.l  carbonize  them,  if 
he  carbide  drops  into  the  water,  the  temperature  ...n  never  become  higher  than 
100  I .  and.  in  reality,  never  doe.  become  more  than  a  few  d.'irrees  higher  titan  the 
temperature  of  the  surrounding  atmosphere.  Rnt  where  water  drops  on  carbide 
the  temperature  may  become  too  hi;;],  and  cause  the  ,r,„nnn-  materials  to  be' 
produced. 

The  generator  should  be  placed  in  a  dry  part  of  the  basement  on  a  brick  or  " 
cement  fla.r.  It  must  be  placed  in  a  well-li..bte<I  room,  so  that  all  manipulations 
can  be  carried  on  without  artifi.Mal  Ii;rht:  and  ^^ood  ventilation  should  always  be 
maintained.  The  generator  should  be  located  where  it  can  never  be  rea.hed  by 
the  pupils.  Of  course  a  room  should  be  .selected  that  is  always  above  the  fteezin"<r 
temperature  of  water.  "  " 

he  «Sl  n""Ti"?ow/°™'."^  *''"  qualiHcations  of  a  good  generator:  (1)  It  must 
be  fool-proof  .  (2)  it  must  ensure  coo!  generation.  (3)  it  must  be  simple  in  con- 
V^Tl:  -li  ""^ '°'!'f^^^^  Vr^'^^^  .=ho„!d  ever  1)0  produced  in  any  of  its  parts. 
(5)  It  should  need  httle  attention.  (6)  it  should  indicate  at  all  times  how  low  the 
charge  of  carbide  is,  (7)  tlie  charge  should  be  introduced  and  the  residue  removed 
with  ease.  One  feature  mentioned  above  should  be  stressed.  Acetylene  at  low 
pressure  cannot  explode  but,  when  subjected  to  a  pressure  greater  than  two  atmos- 
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pherat,  it  beconiM  highly  exploaive  if  ignited  at  OM  point;  henot  the  importutot 
of  keeping  the  pmaure  low.  Every  reputable  generator  in  the  market  at  tha 
prcient  timu  lurn  Mfety-valvfo  connected  with  the  outtide  that  open  long  Mora 
the  pri'Mure  reaohi-e  the  danger  point.  Figurea  IS  and  11  ahow  a  generator  iui'tUa 
for  a  ichool,  manufactured  by  the  Uavii  Acetylene  Company  of  Niagara  Falla,  On* 
tario.    Thin  it  a  machine  that  allowe  carbide  to  drop  into  water. 

The  calcium  carbide  itielf  is  aleo  not  a  dangerous  material  to  handle  provided 
it  i«  kept  in  a  dry  place.  It  alwayi  comeii  in  eheet-iron,  air-tight  packagee,  and 
only  oiu>  should  Itc  o|)cni>d  at  a  time. 


Fllf.     13.- 


-Kxtcrnal   a|i|>«ar.>nce   of   acetylens 
■•nerator 


Fir 


14. — Internal  structure  of  acctylaa* 
(•nerator 


Such  installations  are  to  be  found  in  many  high  school  and  college  laboratoriea 
in  the  United  States;  the  bacteriological  laboratory  at  the  Experimental  Farm  in 
Ottawa  contains  one;  the  Biological  Station  at  St.  Andrews,  New  Brunswick,  haa 
u.>ird  onp  with  great  satisfaction  for  a  number  of  years;  and  many  institutions  in 
the  Canadian  West  are  using  acetylene. 


OASOLBNB  TUkUT 

Gasolene  is  also  used  as  a  fuel  for  laboratories  in  many  secondary  schools  in  the 
United  States.  The  danger  is  no  greater  than  with  coal-gas  or  acetylene,  the  first 
cost  is  moderate,  and  the  expense  of  the  fuel  compares  very  well  with  that  of  coal- 
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CM.  In  order  to  get  MUafactory  rwnlti,  •  BuohiiM  of  MUbliaiMd  repnte  tbould  to 
purchwed,  and  it  nnut  k-  imUlled  by  in  eipert  The  principle  on  which  It  wo^ 
it  th«t  air  ia  forced  through  or  ofer  the  gawlene  and  the  mixed  gaeei  are  forced 
to  the  bumere,  where  they  are  kindled.  There  are  usually  three  parts  to  the 
machine— tiM  pump,  the  carburettor,  and  the  mixer  (Fig.  IS).  The  pump  ii  uied 
for  forcing  the  air  through  the  gatolene  and  ia  worked  by  u  hea.y  weight  attached 
by  a  wire  c»blc  over  a  pulley.  The  weight,  when  wound  up,  will  run  the  pump  for 
a  week  or  longer,  depending,  of  course,  on  the  extent  to  which  the  gaa  ia  uaed, 
for  the  pump  only  runs  when  the  gat  i«  being  uaed.  The  carburettor  ia  a  chamber, 
or  aenea  of  chamliera,  in  which  the  gnsoUne  vapour  becomea  intimately  mixed 
with  the  air;  in  the  mixer  a  atill  further  admixture  takea  piace,  and  the  proportiona 
of  the  two  are  adjusted  to  make  coml)ustion  more  perfect.  The  pump  and  the 
mixer  an-  iwiiaily  inMallcd  in  the  baaeuient.  while  the  carburettor,  which  ia  a  tank, 
IK  buried  undtrncath  the  ground  at  leant  thirty  feet  from  the  building.    This  latter 


A  — limlallallun  for  KeneratlnR  KBSolene  for  laboratory 

precaution  is  necessary,  in  order  to  meet  the  demands  of  insnrancc  companies  re- 
specting the  storage  of  gasolene.  The  institutions  nsin-  thi*  mctliod  of  hoatine 
speak  m  the  highest  terms  of  its  efficiency.  Figure  1.".  is  an  illustration  of  a  com- 
p  ete  outfit  manufactured  by  the  Matthews  Ga.s  Machine  Comimnv  of  Chicago,  one 
of  the  largest  manufacturers  of  this  type  of  apparatus. 

MANSFIELD  GAS  GENERATOR 

for  inn^  'I'*'"  ""*'*''"  '";^*^'^  "^  '^""""^  "  ""PPl-^  "^  ««*•  f"^  the  laboratory  or 
for  illummating  purposes  The  machine  (Fig.  If5)  is  manufactured  bv  MansfieW 
i:  Sons,  Limited,  B.rk,  ,,,d.  England.  It  is  really  a  small  gas-producine  plant 
;^^n€i=ting  of  a  generator  „nd  a  ^as  lank.  Instead  of  coal  aTiy  heavy  oil  ia  utilized. 
[  I  he  0.1  IS  run  slowly  mto  a  chamln^r  which  is  strongly  heated,  and  it  i«  immediately 
broken  up  into  inflammable  gases  which  pass  to  the  gas  tank  to  be  stored  until 
required.  Any  ordinary  oil  will  do.  Kerosene,  which  is  the  product  available  in 
Ontario.  IS  quite  satisfactory.    About  11  gal.  of  oil  and  285  lb.  of  coal  will  generate 
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1,000  cu.  ft.  of  gas,  and  1,000  cu.  ft.  of  this  gas  is  equivalent  in  heating  capacity  to 
3,000  cu.  ft.  of  ordinary  coal-gas.  This  would  make  it  sliglitly  niore  expensive 
than  coai-gaa.  No  skilled  workman  is  required  to  operate  the  plant,  as  all  that  is 
necessary  to  do  is  to  throw  in  a  shovelful  of  coal  every  twenty  minutes  while  the 
gas  is  being  generated,  and  it  is  necessary  to  generate  gas  only  <  •«■«  a  week,  or 
even  less  frequently. 

The  first  co.st  of  this  in.-itallation  is  higher  than  that  of  p  .  dcetyleut  plau!.  iS 
about  $1,000  WDuld  Ik'  ri'i|uircd.  Such  an  installation  would  ■  c  .oUfiit  tor  ^rme 
of  our  larger  schfX)ls  wlu're  coal-gas  is  not  available.  Thi;<  ■.  -i;  .itnr  is  ,ei;  ex- 
tensivolv   usfd  mIuxiIs   and   colleges   throughout  the   Hritisl.   :'nrir;\        It  is 

found  in  dozt...'  of  schools  and  colleges  of  Hritisli  India,  anil  is  also  comuionly 
used  in  South  Africa.  One  is  now  in  operation  in  the  I'liiversity  of  .Mlierta,  at 
Edmonton.  Figure  16  is  an  illustration  of  the  oil-gas  producer  complete.  The 
tank  and  generator  are  usually  erected  outside  the  main  building,  the  generator 
being  imlosed  in  a  small  building. 


KlK.   16. — InstaUution  fur  manufacturiHK  giiH   from  oUs 
COALrGAS  FOR  LABORATORIES 

A  scluH)l  situated  in  a  town  or  city  which  has  a  supjily  of  coal-gas  is  fortumito, 
as  tiiere  is  no  fuel  that  is  as  satisfactory  for  laboratory  purinwes.  \n  acetylene  or 
oil-gas  generator  is  a  convenience,  but  there  is  always  a  certain  amount  of  trouble 
in  luuking  after  it,  and  this  is  entirely  absent  when  coal-gas  is  used,  as  it  is  always 
generated  at  a  central  gas-house  and  distributed  by  pipes  to  the  users. 

The  supiily  pipe  must  be  large  enough  to  give  a  sufficient  supply  of  gas  to 
all  the  Hunsens  in  a  laboratory,  liurning  at  once.  Of  course,  its  si/e  will  depend 
on  the  kind,  of  burners  aiul  the  number  of  gas  tape.  In  a  chemical  laboratory 
there  will  usually  be  from  25  to  30  gas  taps  and  about  the  same  number  in  the 
physical  laboratoW.  Each  of  the  burners  connected  with  p.  tap  will  consume  five 
cubic  foet  per  hour,  so  a  pipe  to  each  laboratory,  large  enough  to  deliver  at  least 
150  cr.  ft.  per  hour,  should  be  used..  A  P/i-inch  pipe  will  be  of  ample  size  to 
8up;   V  each  laboratory. 

riici.-  .'■e  such  a  ^ariety  of  Bun?en  buriers  now  on  (be  market  th.it  .a  word 
might  be  1  regarding  which  to  select  and  which  to  avoid.  For  ordinary  class 
work  the  erect  form  with  a  side  opening  near  the  bottom  for  admitting  air  is  most 
satisfactory.     The  size  of  the  opening  in  the  side  is  regulated  by  means  of  a 


BURNERS 


cylindrical  ring  which  neatly  fits  the  tube.  The  size  of  the  hole  is  diminished  or 
increased  by  turning  the  cylindrical  ring  so  that  the  hole  in  it  no  longer  coincides 
with  the  opening  in  the  tube.  Bunsens,  where  the  adjustment  is  made  by  a  lever 
underneath,  do  not  give  a  powerful  flame,  and  the  air  is  not  fully  cut  off  even  when 


Fig.   17. — Rose-top  burner 


Fig.    IS.— Teolu  burner 


the  lever  is  pushed  over  to  its  limit,  so  they  are  not  to  l)e  recommended.  Besides 
the.«e  two  kinds  nf  burners  there  are  others  used  for  special  purposes.  The  rose-top 
burner  (Fig.  17)  is  especially  adapted  for  spreading  the  flame  out  and  is 
used  for  licatiiig  Flor.-nce  flasks,  as  they  are  not  so  likely  to  break  under  the  more 


Flf.    18. — Compound    blow-pipe 


Fig.     20.— Uafs-wlng 
burner 


Fig.   21.— Flamo 
spreader 


even  distribution  of  heat.  There  are  several  forms  of  burners  that  give  much  more 
powerful  flames  than  does  the  ordinary  Bunsen;  indeed,  the  heat  produced  by  some 
of  Uiem  compares  very  favourably  with  that  of  a  bla^t  lamp.  These  i.ave  different 
trade  names.    The  Teclu  burner  (Fig.  18)  is  perhaps  the  best  known  :  one  of  these 
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uutrumenta  of  large  size  will  do  almoat  all  the  work  of  a  blow-pipe,  and  every 
laboratory  supplied  with  gas  should  have  at  least  on  of  them.  The  most  uaeful 
blow-pipe  is  one  listed  by  the  well-known  makers,  Fletcher,  Russell  &  Co.,  War- 
rington, England,  caUed  the  Compound  Blow-pipe  (Fig.  19).  It  is  listed  in  all 
the  English  scientific  catalogues.  By  means  of  it  a  flame  of  almost  any  shape  or 
size  can  be  produced.  Ti'or  glass-blowing  it  is  almost  indispensable.  A  supply  of 
bat's-wing  burners  (Fig.  20)  is  necessary  for  bending  glass  tubing,  as  the  work 
cannot  be  done  properly  with  the  ordinary  Bunsen  burner.  As  a  substitute  for 
bat's-wing  burners,  flame-spreaders  (Fig.  21)  can  be  obtained,  which  fit  over  the 
openmg  at  the  top  of  the  ordinary  Bunsen  burner.  These,  when  operated  with  the 
air-hole  of  the  burner  closed,  can  be  used  to  advantage  for  bending  glass  tubing. 
If  they  are  not  well  cared  for,  the  width  of  the  opening  becomes  uneven  in  different 
sections,  and  the  flame  id  hotter  in  some  parts  than  in  others,  so  that  the  glass 
will  not  bend  evenly. 

HLBCJTRICITY  FOR  THE  LABORATORY 

The  supply  of  electricity  for  the  laborator}-  will  next  be  considered.  Electricity 
is  used  for  lighting,  for  the  lantern,  and  for  experimental  work.  Nothing  will 
be  said  about  the  first,  but  the  last  two  are  of  great  importance.  Nothing  is  more 
convenient  and  more  neces  ary  for  experimental  work  than  a  steady,  well-controlled 
electric  current  at  the  teacher's  and  pupils'  benches;  yet  in  very  few  schools  are 
adequate  arrangements  made  in  this  respect.  A  very  usual  source  of  supply  is  a 
few  dry  cells.  These  are  certainly  better  than  nothing,  but  are  quite  unsuited  to 
a  good  deal  of  the  experimentel  work,  except  where  an  instantaneous  or  interrupted 
current  is  required.  They  are  short-lived,  unreliable,  and,  worst  of  all.  the  current 
strength  rapidly  deteriorates  owing  to  polarization,  and,  where  steady  work  is  re- 
quired, they  fail  entirely.  For  electrolysis,  electro-plating,  work  with  voltameters, 
measurement  of  current  strengths,  etc.,  one  cannot  imagine  a  source  more  unsuitable 
than  the  dry  cell.  The  bichromate  cell  was  a  favourite  source  of  electricity  twenty 
years  ago,  but  has  now  almost  passed  out  of  use.  It  is  quite  uncertain,  dirty, 
easily  exhausted,  and  altogether  an  unreliable  source  that  frequently  failed  at  in- 
opportune times.  We  will  consider  the  sources  that  are  to  be  recommended,  com- 
mencing with  the  .'Simplest  and  cheapest  and  passing  on  to  describe  the  more  ex- 
pensive, but  also  more  efficient,  sources.  They  will  l)e  considered  in  the  following 
order: 

1,  The  Daniell  cell;  2,  the  Edison  cell;  3,  Storage  cells;  4,  Rectifiers:  6, 
Motor-generators. 

The  Daniell  Cell 

1.  In  a  small  school,  where  tlie  pupils  perform  individual  experiments  at  their 
places,  a  small  Daniell  cell  will  usually  give  the  required  current.  The  voltage 
IS  low.  but  the  current  is  absolutely  steady  for  several  hours.  Of  course  for  electro- 
lysis several  such  cells  in  series  would  be  neeessarv.  Such  a  Daniell  cell  can  be 
put  together  by  ix  handy  science  teacher.  The  copper  sulphate  should/  be  saturated, 
and  an  3xcess  of  the  crystals  should  be  present.  The  sulphuric  acid  in  the  porous 
Clip  IS  fomtioscd  of  one  vohnne  of  concentrated  sulphuric  acid  and  20  volumes 
of  water;  the  acid  must  always  be  poured  into  the  water  and.  not  the  water  into  the 
acid,  for.  as  much  heat  is  produced,  the  acid  sinking  through  the  lighter  water 
distributes  the  heat  to  the  water,  which,  being  in  such  large  quantity,  only  gradually 
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rises  m  temperature.  A  stout  stick  of  zinc  should  be  used  and  it  should  be  kept 
wel  amalgamated.  To  set  up  the  cell,  the  zinc  element  is  placed  in  a  porous  cup 
containing  the  diluted  acid  or  a  weak  solution  of  zinc  sulphate,  and  the  copper  k 
.  placed  in  a  saturated  solution  of  copper  sulphate  with  lumps  of  sulphate  in  th-j 
bottom  or  on  the  shelf.  A  few  cubic  centimetres  of  sulphuric  acid  in  the  copper 
sulphate  makes  it  more  effective.  Another  way  to  set  up  the  cell  is  to  put  the 
elements  in  their  places,  copper  sulphate  on  the  shelf,  and  fill  it  up  with  water. 
Short  circuit  it  for  a  few  hours  and  it  will  then  be  in  good  condition. 

For  the  demonstrator's  bench  the  gravity  form  of  a  Daniell  cell  should  be  used, 
as  this  gets  rid  of  the  porous  cup,  which  is  always  a  disturbing  factor  in  batteries. 
A  solution  of  zinc  sulphate  is  used  for  the  upper  layer  of  the  liquid  in  which  the 
zinc  IS  suspended.  The  demonstrator  should  have  eight  or  ten  of  these  (Fig.  22) 
stowed  away  in  a  cupboard  under  his  iH-ncli.  These  should  be  connected  in  series 
by  wires  soldered  from  the  zinc  (D)  in  one  to  the  copper  (E)  in  the  next.  From 
tliese  connecting  wires,  and  also  from  the  unconnected  zinc  at  one  end  of  the 
series  and  from  the  unconnected  copper  at  the  other  end  of  the  series,  wires 
(C)  pass  to  the  terminals  on  the  teacher's  bench.  With  this  arrangement  the 
teacher  has  a  variety  of  voltages  at  his  disposal.  Suppose  the  voltage  of  each  cell 
IS  one  volt  and  there  are  ten  cells.  By  using  the  first  and  last  terminals,  a  steady 
current  witli  ,\  pressure  of  10  volts  is  generated.  By  connecting  an  instrument  to 
any  two  alternate  terminals,  2  volts  pressure  is  generated.  In  using  ^ he.se  cells  the 
work  can  l)e  distrihutcd  between  the  different  cells  so  that  some  will  not  become 
exhausted  sooner  than  others.  If  several  currents  are  required  for  different  pieces 
of  apparatus,  the  latter  may  be  connected  up  to  different  terminals.  For  pupils' 
work  a  3-pint  Daniell  cell  will  be  of  good  size,  and  for  the  demonstration  bench 
a  3-quart  gravity  cell  will  l)e  best.  The  resistance  of  a  good  cell  of  the  former  size 
will  he  about  2  ohms  and  of  the  latter  about  1.6  ohms. 

The  gravity  cell  is  .set  up  as  follows:  Place  the  copper  strips  on  the  bottom  of 
the  jar  and  suspend  the  zinc  near  the  top  of  the  jar.  Pour  distilled  or  rain-water 
into  the  jar  until  it  is  well  above  the  zinc.  Then  drop  in  the  blue  vitriol  in  small 
lumps  until  the  copper  is  well  covered.  No  sulphuric  acid  or  zinc  sulphate  need  be 
added  unless  the  cell  is  required  for  use  almost  at  once :  then  one  ounce  of  zinc 
sulphate  powdered  fine  may  be  added  gradually.  The  solution  must  be  kept  satu- 
rated. If  the  blue  colour  begins  to  fade,  more  vitriol  must  at  once  be  added.  The 
blue  colour  should  always  reach  at  least  half-way  up  to  the  surface  of  the  liquid. 
Tlie  cells  should  be  kept  covered  to  prevent  excessive  evaporation,  and  water  must 
be  added  from  time  to  time  so  as  to  keep  the  liquid  always  well  above  the  zinc. 

Edison  Primary  Pell 

2.  Another  cell  that  may  be  used  in  the  same  way  as  the  Daniell  and  gravity 
cells  18  the  Edison  primary  cell :  this  was  formerly  called  the  Edison-Lalande  cell 
It  does  not  need  description,  as  full  details  of  it.s  construction  are  given  in  The 
Ontano  High  School  Physics.  It  is  a  cell  of  low  voltage,  but  the  resistance  is  also 
very-  low.  There  is  absolutely  no  action  during  open  circuit,  and  the  current  from 
It  IS  steady.  There  is  little  weakening  of  the  current  strength  with  age  The 
dilTercnt  parts  can  be  removed  wlien  exhausted.  The  voltage  is  almost  .7  volts  and 
the  internal  resistance  is  only  .085  ohms,  so  that  for  instruments  of  low  resistance 
this  cell  gives  a  powerful  current.  No  fumes  are  prodiiced  and  it  does  not  freeze 
during  the  coldest  weather.    In  setting  up  the  cell  the  caustic  soda  is  dissolved  in 


STORAGE  CELLS 


33 


the  water  and,  as  much  heat  is  produced,  great  care  is  necessary  not  to  crack  the 
jar  As  oil  is  p  aced  over  its  surface  there  is  no  evaporation.  Thi«  cell  is  not  so 
suitable  for  pupil  s  work  as  for  demonstration  purposes;  for  this  latter  purpose  it  is 
pUced  under  he  teacher's  demonstration  bench.  It  cannot  well  be  .  arried  about,  as 
the  liqu.d  .8  liable  to  splash  out  and  corrode  whatever  it  comes  in  contact  with. 
Five  or  sue  of  thes*,  ceUs  placed  under  the  teachers  bench  will  give  a  satisfactory 
source  of  electricity  for  all  the  experiments  of  an   ordinary  course  in   physics 

doZnZ  t     "Tu    ^^'  ^""'"'^^^  ""  ^'"^  ^""'^  *"  'he  same  wav  as'they 

do  from  the  gravity  polls  illustrated  in  Figure  22. 


Stohaoe  Cells 

3  The  moft  satisfactory  of  all  sources  of  electricity  for  ...xnerin.ontal  work 
are  storage  cells,  or  accumulators.  As  these  cells  arc  easily  inj  .re,  or  e ntldr 
oEt  'r  "'  ""IT  "'"I'''''  -f-nation  as  .3  their  management  is  d  ffl  It  to 
S«  ;..""■'  1,*""  ^'"  ^  •^'^'^"■^■^"'^  **  ^'''^^-  They  have  a  long  life  need 
httle  attention,  and  none  of  the  parts  require  renewal  for  years  if  they  are'ffiven 
proper  attention.  They  have  a  veiy  high  voltage-over  2  volts-and  give  IsteaS 
current  throughout  the  discharge.  No  irritating  fumes  are  produced.  asTnlv  oxygen 

?nto  he  rfom  "of"""  "'  T''  ''  ''"""'^  ''""^'^'  "°  ^p'«-^  °*  -'"^  wiUpas/out 
nr^d.  n./  n-  ^^r"""'  •^"""^  ""™"''  '^''''^''^'  ^f'""  "^^  "o  fumes  ihatever 
produced.    It  18  not  necessary  to  describe  the  structure  of  the  storage  cell     The 

plates  are  made  .n  d.fferent  forms  and  of  different  materials.  The  one  most 
requently  used  or  laboratories  and.  on  the  whole,  most  .suitable  for  that  ^.r^ose 
L^a\  ^"'"'*'  *^  '^^""'^^  '■*'"•  The  Electric  Storage  Battery-  Company  of 
Phi  ade  ph.a  manufactures  thi«  cell,  and  their  goods  are  listed  by  3l  theCrican 
dealers  in  scientific  apparatus.  These  cells  can  1^  purchased  with  plates  fou" 
^  es  and  of  efferent  numbers  to  a  cell.  They  should  be  sufBcientfy  large  to  al  ow 
without  injury  a  current  of  three  amperes  during  discharge.    It  is  better  to  have 

^lr\  "1  r  ''!t  ""i*^  °°^y  *^^  P'"*"^  *'^''"  t°  ^"'^  «"«  "^  t«"  cells  each  with 
TJZtF^  '  V^  ^T""  '''""'"■"««°"  ^i»  Si^e  a  greater  variety  of  voltages 
to  select  from.  If  five  cells,  each  of  two  plates,  are  chosen  as  the  outfit,  then  the 
demonstrator  IS  able  to  use  ?,  4,  6,  8.  or  10  volts  for  experiments,  but  if  only  two 
cells,  each  with  five  or  six  plates  are  chosen,  he  is  able  to  nse  only  2  or  4  volts-  yet 

SctS'h  .1  T^ri^-^li"  '''"  "°*  ^''^''  ^''""^^y-  The  PT.  ollioride  cell,  manu- 
factured by  the  Electric  Storage  Battery  Co.,  of  Philadelphia,  can  be  recommended 
for  laboratory  purposes.  It  is  a  2-plate  cell,  each  plate  of  which  is  88/4  in.  x  5  in 
The  positrve  and  negative  plates  of  adjacent  cells  are  burned  together  in  a  single 
piece.  The  posi  ive  of  the  first  cell  and  the  negative  of  the  last  are  separate.  Frve 
of  these  cell,  make  a  good  equipment  for  demonstration  work,  and  ten  of  them  are 
aJl  that  any  school  could  possibly  require. 

form^^Sifn/V/  *'"^\'^,'^,  t«"^«5;  th^^'  should  be  set  in  place  on  a  suitable  plat- 
form. This  platform  should  be  made  of  a  wooden  block.  Slat,  nailed  around  it 
project  one  mch  above  the  block,  forming  a  shallow  inclosure-thirsfi  led  with 
fine,  clean  sand.  This  platform  rests  on  insulator  legs  made  of  :glass.  The  haC 
ItT"  t""',  ""  '^'  P'^*'^™-  "^^^  ^^*«^  '^  P'»-''  i"  'P«rt  of  the  room 
^1  i^£tSriLTX"ri^V''°'.?°"'''  *"^'°^'  ^  l<^^»ted  where  it  will  be 
ri  wW        \    u!       f"^^  '''''™  ^^"^  temperature  will  not  fall  to  freezing-point, 

Z^iZZ"  ff*"  •'  "A  r'"^  "•"l'^^'  ^'"  *^  ''™"^^*  "^"^  it=  '^''»»^«-  »t  times 
the  cells  give  off  mixed  hydrogen  and  oxygen,  which  is  highly  explosive.    Oreat  care 
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should  be  taken  that  the  plates  are  all  connected  up  in  the  proper  order.  When  they 
are  placed  iu  their  jars,  all  arrangemente  for  charging  must  be  ready  before  the 
electrolyte  is  added. 

The  electrolyte  ig  prepared  by  mixing  pure  sulphuric  acid  (specific  gravity 
1.840)  and  distilled  or  rain-water  in  the  proportions  of  cne  part  of  acid  to  6% 
parts  of  water  by  volume;  the  specific  gravity  of  the  mixture  should  be  1.18. 
When  mixing,  pour  the  acid  in  a  thin  stream  into  the  water,  keeping  the  latter 
vigorously  stirred  during  the  operation.  Allow  the  electrolyte  to  cool  before  pour- 
ing it  into  the  cells.  Cells,  when  new,  are  always  in  a  discnarged  condition.  As 
soon  as  the  electrolyte  is  added,  the  charging  should  at  once  begin  "nd  continue 
uii interruptedly,  until  the  cells  are  fully  charged  and  are  giving  off  gas  f.-eely. 

Each  storajie  cell  has  certain  descriptive  features  that  the  science  teacher  should 
understand.  For  example,  a  catalogue  describes  the  cell  PT,  that  has  been  already 
recommended,  as  follows: 


Type 

No.  of 
Plat«» 

Size  uf  Plates 

Normal 

charging 

rate 

Normal  discbarginB  rate 

8  hours        5  hours 

■S  hours 

PT 

2 

K','  ia.  X  5  in 

3 

3                   H 

6 

The  number  of  plates  means  the  total  number,  both  positive  and  negative;  so 
in  this  cell  there  would  be  only  a  single  positive  and  a  single  negative  plate.  The 
meaning  of  the  next  column  is  evident.  Normal  charging  rate  means  the  nwnber 
of  amperes  that  should  be  passed  through  the  cell  when  charging  it.  Discharging 
rate  refers  to  the  capacity  of  the  cell,  which  is  usually  expressed  in  ampere  hours. 
This  cell,  giving  a  current  of  3  amperes,  is  discharged  in  8  hours,  if  giving  a 
current  of  414  amperes  it  is  discharged  in  5  hours,  and  if  a  current  is  6 
amperes  it  is  discharged  in  3  hours.  It  will  be  noticed  that  the  more  rapid 
the  discharge  the  less  electricity  can  be  got  from  a  cell;  or,  as  it  is  usually  ex- 
pressed, its  capacity  is  decreased. 

As  has  been  said,  the  initial  charging  should  begin  as  soon  as  the  electrolyte 
is  added,  after  the  cells  have  been  set  up.  The  positive  pole  of  the  charging  current 
should  be  connected  with  the  positive  pole  of  the  storage  cell.  The  latter  is  always 
marked,  and  the  former  can  be  easily  found  by  dipping  the  copper  terminals  in  a 
solution  of  salt,  the  one  from  which  bubbles  of  gas  rise  more  freely  is  the  negative 
pole.  It  is  always  best  to  charge  at  the  normal  rate,  and  better  to  charge  below  than 
above  it.  The  initial  charge  must  be  continued  until  complete.  It  is  best  to  con- 
tinue the  chaige  beyond  completion  rather  than  run  any  risk  of  any  cell  being  in- 
completely charged.  The  signs  of  complete  charging  are:  (1)  Specific  gravity  of 
electrolyte  is  1.21 ;  (2)  the  electro-motive  force  of  each  cell  is  just  over  2  volts  in 
open  circuit;  (3)  the  positive  pole  is  dark  brown  in  colour,  the  negative  is  slate 
blue;  (4)  gas  should  rise  freely  from  both  plates  during  the  latter  part  of  the 
charge. 

Under  no  circumstances  should  the  cells  be  diwharged  below  1.85  volts,  as 
very  great  permanent  injury  will  be  done  if  complete  discharge  is  permitted.  The 
cells  must  never  be  left  in  a  discharged  condition.  They  might  well  be  charged 
every  two  weeks  or  oftener,  and  an  overcharge  should  be  given  once  a  month.    The 
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plates  should  be  watched  for  growth,  (see  pag,-  35)  and,  when  one  appears,  it  ia 
to  be  dislodged  with  a  rubber  or  wooden  stick,  but  not  with  any  kind  of  metal 
as  that  would  introduce  foreign  salts  and  exhaust  part  of  the  acid.  The  platra 
must  never  extend  closer  to  the  bottom  than  one  inch,  as  a  free  space  must  be 
left  below  into  which  scales,  etc.,  that  drop  from  the  plates  may  lodge  without 
any  danger  of  shorVcireuiting  the  cell.  The  liquid  will  continually  evaporate,  and 
water  must  be  added  from  time  to  time,  so  that  the  liquid  always  stands  above  the 
tops  of  the  plates.  As  in  the  course  of  time  much  water  will  be  added  to  the  liquid 
It  i»  of  great  importance  that  distilled  wator  be  used  to  replenish  that  lost  by 
evaporation.  If  it  is  difficult  to  procure  distilled  water,  then  rain-water  may  be 
used.  The  difTcrent  cells  should  be  di.scharged  as  evenly  as  possible.  Suppose 
that  there  are  10  in  the  set,  and  that,  frequently  only  2  are  to  be  used,  let  the  two 
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F...  23._Two  atoraKe  cells  -"-Je;^,  -„  with^  Mx^.ravUv  cells  to  p.oUuoe  current  for 

used  vaj  frorn  time  to  time,  so  that  there  will  bo  „o  danger  of  any  being  discharged 
io,l«^ t""'.  *^'"-     ^"'^''"  "*'  "'■^■""'•^ta.K.e.s  should  the  ioad  be  above  the 

normal  discharging  amperage.  If  the  cells  are  short-circuited  or  connected  with 
a  resistance  so  small  that  the  current  becomes  high  the  plates  mav  buckle  and 
a  white,  inactive  coat  may  form  over  the  plates,  which  is  difficult  to'rcmove 
intpJnr  t  \T"''  ^  '*"™"'  **"'  ■"'  ''"'^'^I'^S-  ^^''^^^  ■''•ilphating.  and  dis- 
eX  dTsior?^  ^"^  "i  ^rr "'■'  ''"''''''■  "'^■'^'^  '•'»'-'  the  plate; to  become 
be  i;movpd  ,,  .  ""^  f  ^^'  ^"™'"*'°"  "^  I"-"i^''tions  on  the  plates  :  the.se  must 
,-««L,  //Tt°"'V'"'''  "•■  *'''>'  ™''>'  ^""''«  '"''ort-circui  ing.  Sulphatin-r 
a  serious  defect.    It  is  due  to  the  formation  of  a  white,  inactive  l.ver  „n  tlie  .,  "r. 

?M,  l7  f       '  """^  "  """"^  *'■"  *""  ^""'y  "  ""•'•'^"t  ">•  ''V  nedect  of  the  cell. 
Ihis  white  layer  prevents  the  normal  chemical  reactions  from  takin-r  plnco  and  it 
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hM  a  high  reaiitance.  A  cell  in  this  condition  can  never  be  restored  entirely  to  iti 
former  eflBciency.  Sulphate  nt  8oda  added  to  the  solution  will  Mmetimea  clear  it 
up.  DismtegratiOD  of  the  plates  is  indicated  by  an  accumulation  of  scaled  in  the 
bottom  of  the  cell,  and  cannt  be  entirely  avoided,  but  it  is  hastened  by  too  rapid 
discharge. 

The  storage  cells  can  only  be  used  when  there  is  a  source  by  which  they  can 
be  charged.  This  source  may  be:  (1)  A  set  of  gravity  cells;  (2)  a  street-lighting 
direct  current;  (3)  an  alternating  current.  Too  much  stress  cannot  be  placed  on 
the  use  in  the  schools  of  Ontario  of  storage  cells.  Almost  every  town  and  village 
in  Ontario  wiU  soon  have  alternating  current;  and,  while  >aib  is  almost  useleaa 
for  experimental  purposes,  it  can  be  utilized  for  charging  storage  coUs  in  a  manner 
that  will  be  discussed  immediately 

A  very  good  arrangement  in  a  school  laboratory  where  there  is  neither  alterna- 
ting nor  direct  current  available  is  that  represented  by  Figure  23.  There  are  six 
gravity  cells,  and  above  are  two  storage  cells.  These  are  permanently  connected  in 
the  manner  shown  in  the  illustration.  They  are  all  placed  in  a  recess  under  the 
demonstrator's  tench.  The  positive  of  the  gravity  cell  is  connected  with  the  posi- 
tive of  the  storage  cell  and  the  eight  c^lls  are  connected  in  a  single  series.  The 
gravity  cells  are  continually  charging  the  storage  ceUs.  Three  terminals  from  the 
storage  cells  are  connected  to  binding  posts  on  the  demonstration  bench.  The 
demonstrator  can  then  use  either  one  storage  cell  or  two  for  the  experiments,  as  is 
necessary.  Ihree  storajro  cell.s  might  he  connected  up  with  eight  gravity  cells,  or 
more  in  proportion.  The  advantajro  of  iisiii;j  tlic  two  storajjc  cells  inste.ul  of  the 
six  gravity  cells  with  their  lii^rhcr  voltage  consists  in  the  fact  tliat  the  internal  re- 
sistance of  the  former  is  so  much  less  than  that  of  the  latter  that,  in  most  experi- 
ments, it  more  than  makes  iip  for  tiio  ditrereiice  in  voltajre. 

Where  an  altemntiii}.'  current  is  available,  as  it  is  sure  to  be  in  most  parts  of 
this  Province  within  a  short  time,  this  will  be  the  source  from  which  the  direct 
current  is  to  be  derived,  whether  to  charge  a  storage  battery,  to  run  a  lantern,  or. 
to  use  for  experimental  work. 

If  it  is  required  merely  to  charge  storage  cells  from  an  alternating  current, 
an  aluminium  rectifipr  is  the  simplest  means  of  converting  .,11  alternating  to  a 
direct  ciirront.  This  rectifier  ia  so  simple  that  it  can  easily  be  made  by  any  science 
teacher. 

A  Rectifier  for  .\i.ternatino  Electric  CrRRENTs 

4.  The  principle  of  the  device  is  this :  A  current  will  not  flow  in  a  cell  from  an 
aluminium  electrode  fo  an  iron  electrode,  if  the  electrolyte  be  a  saturated  solution 
of  common  sodium  pliosjihate  or  potassium  bichromate.  It  will,  however,  flow  freely 
from  the  iron  to  the  aluminium  in  such  a  cell.  One  such  cell,  therefore,  put  into 
an  alternating  circuit,  would  cut  out  one  phase  of  the  current  and  give  a  direct 
current,  which  would  however  Iw  an  interrupted  one. 

Tlie  above  arrangement  of  four  sucii  cells  (Fig.  2.5)  gives  a  direct  current 
which  is  not  interrupted,  but  continuous. 

M,  and  M,  are  the  alternating  current  terminals, 
enrrent. 

-M  is  an  aluminium  electrode  in  the  form  of  a  cylinder  surrounding  an  iron 
electrode  Fe.  When  M.  is  positive,  the  path  of  the  current  is  as  shown  bv  the  solid 
arrow.  \ote  that  the  current  will  not  go  from  .\1,  to  Fe„  nor  from  Al,  to  Pe,; 
but  <rccs  as  shown  through  the  external  circuit  even  against  high  resistance  in 


C,  and  r,,  deliver  the  direct 
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that  circuit.    When  M.  is  positive  (other  phase)  the  current  koo«  at  »hown  l.y  the 
^roijen  arrow.    Thua  the  terminal  C  ia  alw.p  the  poaitive  terminal  of  the  working 

Tlio  construction  of  the  cella  ia  »hown  in  Fi^niro  Vl.  Tl...  cell*  an. 
four  prmniatic  glaaa  jar«;  fruit  jarn  would  do  very  well.  Tlu,  alun.inium 
electrode  .«  a  piece  of  thin  sheet  ahnninium  hcnt  in  the  form  of  a  cylinder 
to  ...rround  the  .ron  electrode.  The  four  ves.eU  are  covered  l.y  one' ever 
which  must  be  a  K<'od  insulator;  .late  is  quite  suitable,  n.  it  i^  ea«v  to  drill 
and  ,8  a  n,m-c«nd„..t..r.  Wo.kI  well  .oake.l  in  ,,amtlin  wo.dd  do  quitc'well  alno. 
lo  thH  .la  e  or  wood  ,op  all  the  electmdeH  are  f«Htened.  .o  that  the  top  and  the 
ele..tr,„lcs  all  hft  out  to..,her:  there  is  thus  less  dan.er  of  short-ircuitinK.  Tie 
nluiMiniun,  electrode  has  earg  cut  on  it  and  is  bolte,!  to  the  to,..  The  ton  e„d  of 
he  iron  electrode  is  pounded  out  a  littl,-  so  that  it  cannot  slip  throu,d,  the  hole 
Ki  the  slate.     (  onne<tion>  are  made  on  top  „(  the  slate  with  .o,,p,.r  strips,  which 


KIg,   25— Dliigram  of  aluminium  recUfler,  BhowtnK  the  connections 

are  soldered  to  the  top  of  the  iron  electrodes,  and  jdaced  under  the  nut  to  act  as  a 
washer  wli.Tc  these  stri|)s  are  joined  to  the  aliiminiuin  electrode.  Binding  posts 
may  be  soldered  or  screwed  to  the  copj^r  strips.  The  eleetroh-tes  <iivin<j  equal 
success  are  saturated  potassium  bichromate  solution  and  saturated  di-'sodium 
phosphate  (common  sodium  phosphate)  solution. 

Solubility  of  potassium  bichromate   ....   10  parts  in  100  at  IS'C. 

Solubility  of  sodium  phosphate 15  parts  in  100  at  IS'C. 

Both  salts  are  much  more  soluble  in  hot  water  and,  therefore,  saturation  is  easily 
attained  by  dis-solviiif;  the  salt  in  warm  water  and  then  allowing  it  to  cool. 

Always  use  a  rheostat  in  the  circuit  M„  M,.  A  good  form  of  rheostat  consists 
of  a  vesisel  containing  very  dilute  sulphuric  acid  with  two  copper  electrodes.  This 
vessel  is  a  {.dass  trougli  1.".  in.  by  8  in.  by  6  in.,  with  electrodes  which  can  be  raised, 
or  lowered,  or  slid  along  a  rod,  so  as  to  vary  the  resistance.  It  is  well,  when- 
ever possible,  to  regulate  the  current  by  the  rheostat  in  M.  M.  and  use  as  little  re- 
fflstance  in  the  circuit  Ci  (\  as  the  experiment  will  permit. 
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Thi*  rectifier  muit  be  uied  to  charjj^e  storaKe  cells  only  when  the  alterotting 
current  i*  reduced  eith"r  by  the  water  ro«i*tuiuc  junt  duscrik'd  or,  Ixticr,  liv  a  lamp 
reaiatance.  This  rectified  current  i«  unidirectional  but  it  luiUiitiiiK,  ko  that  it  ia 
not  u  Mtiifactorjr  for  ex|)erinicntal  work  in  the  lalwrgtory  a«  isi  the  htitrn^'c  battery. 
It  in  much  better  to  use  it  for  charging;  storage  ci'lls.  Bii.i  tlieii  to  line  these  for 
ijurces  of  electricity.  However,  this  rtetiHcd  current  can  he  used  for  alinoiit  all 
the  experimental  work  except  that  of  induced  current,  where  its  pulsating  i  lmra(  ter 
niake«  it  entirely  unsuitable. 

The  storage  cell  has  been  highly  recommended  as  a  source  of  electricity  for 
experimental  work.  In  one  important  res|)i'it  it  breaks  down  ;  it  cnTinot  be  used  for 
running  the  lantern  unless  thirty  or  forty  cells  are  in  sfrii-s;  himI  not  many  schools 
can  hope  to  have  such  a  8u|>ply.    The  alternating  current  can  be  used  for  this  pur- 


Flg.  2«. — Mercury  •  arc 
iM'tlHer  inHtnUatiui) 
from  the  front 


Fig.  J7.^Meroury  ■  arr 
reotiflrr  instiiUatlcin 
from    behind 


pose,  but  it  is  not  nearly  so  efficient  as  is  the  direct  current.  The  illumination  is  not 
more  than  one  half  as  great,  there  is  an  unavoidable  humming  sound  which  proves 
very  disagreeable  and,  if  the  cycle  is  slow,  there  may  be  an  unsteadiness  in  the 
illumination  which  is  very  fatiguing  to  the  eyes.  The  alternating  current  can  be 
converted  into  a  direct  current  of  110  volts  by  several  kinds  of  transformers ;  such 
a  transformed  current  is  suitable  for  all  laboratory  purposes — experimenting, 
running  a  lantern,  and  charging  storage  cells.  The  only  two  transformers  that  are 
likely  to  be  used  in  high  schools  are:  (1)  The  mercury-arc  rectifier;  (2)  the 
motor-generator. 

HERCnRT-ARO  HECTIFIEB 

The  mercury-arc  rectifier  is  a  comparatively  new  form  of  transformer  for 
converting  an  alternating  into  a  direct  current.  The  actual  transforming  in- 
strument is  a  highly  exhausted  bulb  with  two  graphite  anodes  und  a  mercury 
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SSn  ^i';"''"'"' '^•"  P«  ''«>»  »*»«  Kr.plute  to  n«rcury,  but  not  in  th.  oppo.it. 
tubT  but  it  ";"»r«^'y  ^  «"  ""o  J^fil*  "K"J".«  tl.e  working  JfThi. 
tube  but  U  >.  enough  to  My  Umt  at  the  pn-^cnt  tune  ..utilu  tan  be  purtlmnod 
^h.c.h  Will  .upply  l„.d.  up  to  50  .mp,.re..  .t  fr„,„  ,o  .     m  Volt!  pre^ir  S 

nz?  L"'"'  '""V^'* "' '  "^"^  '^^"* '»"" ""« ""' '"»'"  tube.  cr;.i  S 

500  to  2  to  .rf'''*''!''  '"""■""'•  '^'''^'  ^^■'^'""  '"'«''  h-ve  .  life  of  from 
oOO  to  ^000  boutt,  but  tan  be  repiated  at  .mail  expeuw. 


thr 


MUTUB-UtlNKIi.lTon 

.•'.  Tbe  be«t  .nethod,  however,  for  eonverting  either  the  alternating  current  or 

nj:l,.,o  tuK-  .l.n..t  current  t..  a  low-voltag..  d>r.rt  current.  M.itablo   f..r  all 

purp,.«..a  of  the  laboratory, ,.  by  mean.  .,f  a  n.otor-generator  .et.  A  motor-generator 

M  con.s,»u  of  a  n.otor  and  a  dynamo  fitted  to  one  .haft  »o  that  they  rotate  at  th. 

jaine  rate.    The  motor  in  connected  to  the  main  alternating  current  circuit,  and  by 

t.  rotation  causes  the  dynamo  to  roUte  aUo,  thug  generating  a  current  who.. 

;rSt:;"nT?i;  ^^r^^-  "^  *^^  --'--^-n.  The  fenerator'usually  deii^.  H 
.urnn  at  110  v„lt«,  as  this  >.  most  suitable  for  laboratory  purpose..  Th.  motor- 
generator  u  more  expensive  than  the  mercury-arc  r«.tifier  outfit,  but  it  is  aU.  more 

m.';  aT7  r'  'V  "  T'^"  "'•'•  '"'  "  *•••=  '^'""«°-  '»  -t  »  "ot  great  iu 
Ki'iu-rally  to  Ik?  i>referre<i.  " 

In  ordering  a  mercury-arc  rectifier  or  a  motor-generator.  wh«t  must  fir^t  bo 
•I.M  I.1.-.1  IS  the  m.wt  suitable  voltage  for  the  purposes  of  the  lalwratorv.  In  the 
alK)ratory  it  will  1«  used  for  experimental  purposes  and  alw  for  running  the  lan- 
tern. Lantern.,  usually  have  rheostats  made  for  lio  volts  to  go  with  tluMii  and 
this  IS  probably  the  most  suitable  voltago  for  the  generated  current.  This  vo'ltage 
IS  to..  Inj:h  for  most  exp.>rimonts.  bit  with  a  lamp  re.^i8tance  it  can  be  broi.ifht 
'Inwn  to  any  n'.,uir«l  voltage.  It  must  Ik;  remembered,  however,  that  the  voltaze 
t'm.s  wherever  the  resistance  is  great.  If  110  volts  is  connected  to  an  electri.^  bell 
111  series  with  a  lamp  resistance,  at  the  make  and  break  there  will  be  bright  spark- 
ing at  the  tip  on  the  bell,  tending  to  injure  the  points.  The  next  point  to  ,on- 
sMler  IS  what  output  ..f  current  is  required.  This  will  depend  on  all  the  u«..  the 
eurrent  may  be  put  to  at  any  one  time.  All  the  circuits  in  the  laboratories  will  he 
in  parallel  so  ,n  order  to  get  the  total  output,  all  the  currents  in  use  at  one  time 
must  i...  added  toge  her.  Suppose  two  rooms  are  wired  for  lanterns  which  may  be 
used  together  "n^l  that  the  physical  laboratory  has  a  pair  of  binding  posts  at  each 
pupi  s  place,  and  that  there  are  twenty-four  places,  then  the  output  of  the  generator 
should  be  great  enough  to  feed  all  these  circuits  at  the  same  time.  Each  lantern 
requires  15  amperes,  and  if  one  is  used  for  opaque  projection  it  will  ron„irc  25 
amperes.  Say  each  pupil  uses  t/.  ampere  in  experimenting,  then  the  total  output 
required  is  1.".  +  15  +  13  amperes  if  no  opaque  projection  is  used,  or  15  +  Js 
+  1.  amperes  ,f  one  lantern  is  replaced  by  an  opaque  projector.  Generally  a 
generator  with  an  output  of  .SO  or  .0  amperes  at  110  volts' wfll  prove  adequ^t    for 

rlljuired  '  ''''  ""''*•  ''^'''  ""  ""^P"*  °'  •"'  ""P"^*  "*  ""^  '"^^  '^"l  ^ 

r^^'\""'r'T"^  *'"'  '"'''■'*"'  •^'■"'■"-•^  t«  the  pupils'  benches  has  not  been  dis- 
cussed, but  only    hat  delivered   to  the  demonstratoi-s  bench.     It  bar  beT len- 
loned  that  Daniel]  cells  can  be  used  for  Ihe  former  purpose.    The  cells  a^  caMed 
to  the  benches  when  required  for  work,  and  when  not  in  use  are  placed  in  the Tor^ 
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room.  \l  hen  the  «l«ctri<  al  .upply  c-omei  from  a  group  of  ttonm  celU,  •  mercury, 
•re  recUfler,  or  .  motor-gt-nemtor,  it  will  be  beit  to  h.v«  the  phynic-*  iH-ncbit 
•quipped  with  lermiiwU  •t  e^ch  pupil'i  working  pUce.  In  Urge  ■chooli  tarmind* 
•liould  Ue  pUced  in  wth  room  in  the  «ience  dep«rtnient,  on  .11  tliu  pupUn'  bfnche» 
in  the  physiMl  Ubor^tory,  on  the  demon.tr^tioii  bt-iichw,  lind  •t  the  buk  of  •!!  th« 
roon«  in  which  •  lantern  i.  to  be  uted.  lii.l.rge  lahool-,  •nd  oven  in  imiUl  one.. 
It  launot  Ik.  too  utrongly  recommended  to  have  every  fUw-room  wirwl  for  the  um 
of  tiie  lantern. 

In  d.-tributitig  the  current  to  tiie  pupiU'  benchuH.  the  tern.inttlH  for  i.a.-h 
place  will  .ome  off  the  maim.  alwa^.  in  parallel,  m,  that  each  circuit  may  U'  omnod 
or  closed  quite  independently  of  the  oUier..  It  u  absolutely  nccewary  to  have  .om, 
protection  for  the  wire,  and  for  the  storage  cell,  againgt  »hort-.ircuitiiig.  I'upil, 
wil  be  Mire  either  thoughtlessly,  ignorantly.  or  wilfully,  to  produce  a  .hort  circuit. 
«io  that  It  iH  not  enough  merely  to  protect  it  by  fuses,  a.  these  will  be  contimially 
blown,  causing  .  good  deal  of  irritation,  delay,  and  expense;  therefore  a  socket 
M  placed  Ik'Iow  each  pupilV  terminal,  and  into  each  of  these  cither  a  bulb  lamp  or 
a  fuse  can  be  s,  rewed.  In  one  of  these  socketa  always  sc^rew  a  bulb  lamp  when 
pupil,  are  going  to  use  the  current.  A  le-candie-power  (•ttrU....fi!m  Ian.,,  « ill  allow 
one  half  ampere  to  pas.  from  a  J 10  volt  circuit,  and  this  is  ample  forn.osi  work 
If  there  are  U  places  the  cinuiU  at  which  are  all  clowd  at  once,  ilu-n  there  will  be 
a  flow  of  l\'  umjwres  from  the  mains.  Where  stnrnKc  cells  are  used  to  deliver  such 
a  current.  It  would  U-  best  to  have  them  j..ined  in  parallel,  as  13  amperes  would  !« 
a  t.H.  rapid, liMlmrge  for  any  ordinary  storage  rell.  Figure  G.5  represents  dia-ram- 
maticaly  the  wiring  for  distributing  the  current  to  the  students'  bonrue.  in  a  phy- 
sual  laboratory.     This  is  more  fully  discussed  under  that  to|.ip  on  pai;e  110. 

ELECTRICAL  EQUIPMENT  POH  A  SCHOOL 

A  short  description  might  Ih;  given  of  the  electrical  armnp-ments  in  a  fairly 
complete  school.  In  .uch  a  .chool  there  will  k-  electrical  connections  on  the 
teacher's  benches,  in  the  science  lecture-roohw,  and  in  each  lalwratorv  The 
physical  laboratory,  and  perhaps  the  chemical  laboratory  also,  will  have  terminal, 
on  the  pupils'  benches.  Beside,  these  there  will  be  tcnninals  for  the 
lantern  at  the  back,  of  the  lecture-rooms  and  at  the  backs  of  some  of  the 
lalHM-8tor.es.  It  is  strongly  recommende.l  that  lantern  terminals  bo  .hictvl  also 
at  the  b^r'.s  of  some  or  all  of  the  class-rooms.  The  high  school  of  the  future  will 
most  assure,  y  use  the  lantern,  not  merely  for  teaching  science,  but  also  for 
geograpny,  histoiy,  literature,  and  language.. 

Each  set  of  wire,  will  lead  from  the  terminals  to  the  general  swit.hboard. 
which  will  be  placed  -n  close  proximity  to  the  electrical  generator.  It  ix  not 
necessary  that  every  terminal  should  have  its  wires  run  independently  to  the 
sw^chlmard.  In  the  case  of  the  lantern  terminals  several  room.0  might  be  con- 
nected in  parallel  along  a  single  set  of  wire..  It  i.  preferable  in  such  a  case  to 
connect  room,  that  are  not  likely  to  be  using  the  lantern  at  the  same  time.  All 
the  terminals  to  the  pupil.'  benches  in  one  laboratory  are  connected  in  parallel 
to  a  single  pjiir  of  wires  coming  from,  the  switchboard.  It  i.  an  advantage,  but 
not  a  necessity,  to  have  the  wiring  to  the  teacher's  bench  independent  of  the 
winng  to  the  pupU.'  benches  in  the  physical  and  the  chemical  laboratory- 

The  switchboard  is  usually  a  marble  slab  fastened  on  metal  brackets  and 
placed  far  enough  from  the  wall  to  allow  the  back  of  it  to  be  quite  acce«<ible 
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for  repairs  or  changes  of  any  kind.  Each  set  of  wires  will  terminate  in  a  knife- 
switch.  In  a  row  on  the  switchboard  are  a^  numy  knife-switches  as  there  are 
sets  of  wires  ramifying  to  dillerent  terminals.  The  two  mains  leading  from 
the  electrical  source  pass  along  the  back  of  the  switchboard,  and  pass  through 
a  knife-switch,  also  attached  to  the  switchboard.  These  mains,  after  passing 
through  the  knife-switch,  are  connected  in  serios  with  the  ammeter  and  in  parallel 
with  the  voltmeter  and  with  each  of  the  line  switches.  The  voltmeter  and  am- 
meter are,  of  course,  placed  on  the  switchboard.  If  the  current  is  produced  by 
a  motor-generator,  a  starting  rheostat,  a  field  rheostat,  and  a  switch  will  be 
placed  either  on  this  common  switchboard  or  op  a  separate  one.  We  will  suppose 
that  the  current  is  produced  by  a  motor-generator  which  converts  alternating  into 
direct  current.  It  is  an  advantage  to  have  an  arrangement  by  which  the  alterna- 
ting current  can  also  be  thrown  into  any  of  the  lines.  For  this  purpose  it  is  only 
necessary  to  have  this  current  brought  to  two  terminals  on  the  switchboard.  If 
two  wires  have  metal  clips  soldered  to  one  end  of  each,  then  by  connecting  the 
other  ends  of  the  wires  to  the  alternating-current  binding  posts  and  attaching 
the  clips  to  the  two  arms  of  any  knife-switch  the  alternating  current  can  be 
fed  to  any  terminal. 

For  the  most  perfect  equipment  in  such  a  school  a  set  of  storage  cells  will 
also  be  installed  and  the  terminals  brought  to  the  switchboard  in  a  row  of  binding 
posts  as  already  described,  and  illustrated  in  Figure  2'2.  Connection  is  made 
from  tliese  storage  terminals  to  any  knife-switch  by  the  same  wires  as  are  used  for 
connecting  the  alternating  current  to  the  line  current. 

By  such  an  electrical  arrangement  ns  this,  every  set  of  terminals  can  be  fed, 
(1)  with  the  alternating  current,  (2)  with  *he  generator  current — generally  a 
110-volt  direct  current.  (3)  with  the  storage-cell  current;  and  from  this  latter 
source  any  voltage  desired  up  to  a-  maximum  determined  by  the  number 
of  cells  can  be  obtained.  One  of  these  currents  can  l)e  sent  to  any  number  of 
lines,  and  either  of  the  other  two  currents  can  be  used  on  any  of  the  other  lines. 
Thus  as  complete  a  variety  of  currents  can  be  obtained  as  is  at  all  necessary 
for  scientific  work. 


CHAPTER  II 

COMBINED  CLASS-ROOM  AND  LABORATORY 

OwiNo  to  lack  of  accommodation  tho  practical  work  in  science  must  fre- 
quently be  conducted  in  a  room  which  is  also  utilized  as  a  regular  class-room. 
This  condition  also  arises  when  the  number  of  pupils  taking  science  is  so  smaU 
that  It  does  not  seem  necessary  to  set  apart  a  whole  room  for  the  purpose.  Such 
an  arrangement  ha«  serious  disadvantages,  both  for  the  pupils  who  are  conducting 
experiments,  and  for  those  who  are  studying  at  their  desks.  Where  science 
benches  and  school  desks  occupy  the  same  room,  conditions  are  almost  sure  to 
be  cramped  and  inconvenient  for  both,  and  the  experimental  work  will  distract 
the  attention  of  those  who  are  supposed  to  be  studying  or  having  a  lesson  with 
the  teacher.  This  distraction  will  make  the  enforcement  of  discipline  much 
more  difficult.  In  chemical  experiments  there  are  sure  to  be  evil-smelling  and 
irritatmg  gases  formed  which,  although  tolerated  by  those  performing  the  experi- 
ments, are  exceedingly  annoying  to  others.  The  apparatus  is  much  more  likely 
to  be  tampered  with  when  in  a  common  class-room,  which  must  he  accessible 
at  times  when  a  regular  science  room  would  be  locked.  There  is  perhaps  a  certain 
advantage  m  such  a  combination  of  class-room  and  laboratory  for  a  school  that 
IS  under-staffed  with  teachers;  for  under  such  circumstances  the  pupils  can  per- 
form experimental  work  while  the  teacher  is  busy  with  other  classes,  and  he  can 
give  them  a  certain  amount  of  assistance  and  advicu  during  spare  moments 
However,  the  aim  of  every  teacher  should  be  to  have  a  special  room  devoted 
exclusively  to  the  teaching  of  science. 

ARRANQEMENT  OP  FURNITURE 

Wliat  is  considered  tho  best  form  and  the  best  arrangement  of  furniture 
for  such  a  combined  class-room  and  science  laboratory  will  now  bo  described  and 
Illustrated  by  drawings.  Much  in  the  arrangement  must  depend  upon  the  size  and 
the  shape  of  the  room  as  well  as  upon  the  position  of  the  windows,  so  that  the  best 
that  can  be  attempted  is  to  show  the  most  suitable  arrangement  for  a  tvpical  room 
which  each  science  teacher  can  modify  to  suit  conditions.  A  room  30  ft.  by  2i  ft  has 
been  selected,  and  it  is  lighted  on  one  side  by  four  windows  (Fig.  28).  Thirtv 
seats  for  pupils  are  arranged  in  the  ordinary  method,  occupying  the  middle  of 
the  room  and  so  facing  that  the  light  enters  from  the  left.  The  laboratory 
benches  are  placed  around  the  wall   and  most  of  them  at  the  back  of  the  room 

^Lfi  K?  ?^  "^  *°*"^  ^^^  ^'''^-  ^''^y  ^^""^  "'^''W  the  minimum  amount  of 
available  floor  space  and  are  in  such  a  position  that  the  pupOs  experimenting 
at  them  cause  as  little  distraction  a^  possible  to  the  pupils  seated  at  their  desks 
AS  the  benches  are  placed  between  the  windows,  the  light  coming  to  the  pupils 

I'^J.JrS.'trLS'iLt.tL"'"'  °°' "'"  •"? '-'' "  "•  "^"^-y 

The  Pupil's  Bench 

TTie  laboratory  benches  themselves  (Fig.  29)  are  constructed  so  as  to  econo- 
mize floor  space.  Each  has  a  cupboard  beneath  with  two  doors  in  front  The 
bench  top  »  folded  up  when  not  in  use.  and  when  thus  folded,  forms  a  front  to 
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inclose  the  two  shelves  above  the  bench.  It  thus  shuts  in  the  apparatus  on  the 
shelves  from  dust  and  prevents  it  from  being  tampered  with.  Above  all  runs 
a  beam  along  the  whole  front  with  hooks  for  suspension.  This  beam  projects 
out  so  far  that,  when  the  top  is  folded,  a  suspended  pendulum  will  clear  the 
edge.  A  gas-tap  comes  through  the  top  of  each  bench  equally  distant  from  either 
end  and  well  toward  the  back.  The  main  gas  conduit  runs  around  the  room 
just  above  the  floor  and  is  thus  quite  accessible. 

These  benches  are  3  ft.  long,  2  ft.  2  in.  wide  when  open,  and  4  ft.  7  in.  high  over 
all  The  top  of  the  bench  is  3  ft.  above  the  floor,  and  experience  shows  that  this  is 
the  most  convenient  height  for  a  chemical  or  phy^iical  bench  for  the  average  high 
school  pupil  when  lie  ia  standing  at  work.  Stools  whose  tops  are  11  in.  lower 
than  the  top  of  the  l)en(l>  may  be  supplied  if  desired,  but  thev  will  not  be  much 
used.  The  working  space  on  the  top  of  the  bench  is  3  ft.  l'  in.  deep,  which  is 
ample.  A  length  of  3  ft.  is  suflBeient  for  physics  and  more  than  is  neces- 
sary for  chemistry.  The  top  is  U/n  in.  thick.  Beneath  the  folding  top  is  a 
secondary  top  projecting  1  ft.  4  in.,  and  this  is  none  too  wide  to  support  the 
heavy  top  on  which  a  careless  pupil  may  occasionally  sit.  Indeed  the  liench  would 
be  better  if  the  top  were  further  supported  by  brackets  on  hinges,  which  could 
be  folded  in  against  the  front  when  the  top  was  raised. 

The  cupboard  beneath  is  11  in.  deep,  and  the  shelf  in  it  can  be  placed  at  any 
desired  height.  It  will  be  preferable  to  huve  in  it  one  space  for  apparatus  that 
stands  high,  and  a  shallower  space  above.  The  shelves  above  are  about  9  in. 
wide  and  IIV2  in.  high;  this  will  be  suflScient  for  most  purposes.  The  beam 
above  is  2  in.  square,  supported  on  2  in.  x  4  in.  scantlings.  It  may  be  made  of 
birch  or  beech;  and  the  hooks  attached  may  be  similar  to  those  used  to  fasten 
to  the  under  side  of  shelves  in  clothes  closets.  The  ends,  shelves,  back,  and  bottom 
are  made  of  inch  material.  The  nature  of  the  material  and  finish  are  partly 
determined  by  the  surroundings,  the  taste  of  the  teacher,  and  the  amount  of  money 
that  can  be  expended. 

Thte  body  of  the  bench  may  be  made  of  white  pine,  ash,  birch,  or  maple. 
These  are  all  suitable  if  well  seasoned.  The  unexposed  parts  may  be  made  of 
basswood.  Elm  is  unsuitable,  as  it  warps  and  cracks  and  splinters  very  greatly. 
Oak,  unless  old  and  well  seasoned,  will  shrink  greatly,  leaving  unsightly  spaces 
between  the  boards;  it  is  also  liable  to  crack  greatly  in  drying.  While  the  material  ' 
of  the  sides,  front,  and  shelves  is  of  secondary  importance,  the  structure  and 
material  of  the  working  top  cannot  be  given  too  much  attention.  It  requires 
to  be  perfectly  flat  and  horizontal  and  quite  impervious  to  liquids  of  any  kind. 
Cracks,  warping,  or  porosity  in  the  wood  must  be  carefully  avoided.  The  top 
should  be  made  of  narrow  strips,  say  one  inch  in  width,  glued  firmly  together. 
To  add  to  its  strength,  dowels  may  be  run  across  the  strips,  and  if  these  are 
introduced  at  different  depths  along  the  strips  as  the  top  is  being  built  up,  the 
constituents  will  be  firmly  bound  together.  Fig.  35  shows  the  proper  arrange- 
ment for  the  dowels. 

Ordinary  glue  is  quite  unsuitable  for  uniting  the  strips  that  make  the  bench 
tops,  as  the  moisture  gradually  softens  it.  A  good  waterproof  glue  must  be  used 
for  this  purpose.  Such  a  fjiut-  can  be  made  in  a  variety  of  ways.  The  following 
are  two  good  recipes:  No.  1.  Boil  two  ounces  of  isinglass  in  a  pint  of  skim  milk; 
No.  2.  Mix  together  one  part  glue,  and  one  and  one-half  parts  water;  then  add 
one-fiftieth  part  of  potassium  bichromate ;  and  keep  in  a  dark  place.  On  page  11 
will  be  found  more  complete  directions  for  making  a  watei-proof  glue. 
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The  best  mateml  from  which  to  make  this  composite  top  is  teak,  and  this 
18  almost  exclusively  used  in  England.  If  made  of  this  wood  the  top  hardly 
needs  to  be  built  up  of  strips,  as  teak  scarcely  warps,  splinters,  or  cracks  in 
drying.  This  wood  is  not  commonly  used  on  this  continent  on  account  of  its 
expensiveness,  and  maple  and  birch  are  the  most  suitable  substitutes.  Ash  is  too 
porous  and  inclined  to  splinter;  oak  is  also  porous  an  J  too  much  inclined  to 
waiy  and  crack.  White  pine  answers  well,  except  that  it  is  much  too  soft  for 
such  hard  wear  as  a  bench  top  receives.  White-wood  serves  the  purpose  very  well 
where  a  cheaper  material  than  any  of  these  is  demanded.  It  stands  water  well 
and  does  not  warp  or  crack  easily.  Its  chief  defect  is  that  it  is  quite  soft.  The 
top  should  be  fastened  in  place  by  three  strong,  brass,  fast-pin  butt  hinges,  and 
the  doors  of  the  cupboards  should  be  attaclied  similarly,  except  that  the  butts 
will  be  lighter;  only  brass  screws  should  be  used.  Iron  hinges  will  rust  quickly, 
not  look  well,  and  wear  out  quickly.  The  hinged  top,  when  closed,  may  be 
fastened  by  flush  ring  catches  attached  to  the  underside,  and  the  cupboard  doors 
by  flush  bolts.  The  doors  should  also  have  knobs  of  wood  or  porcelain.  Brass 
pulls  wiU  rapidly  tarnish,  owing  to  the  corrosive  vapours  produced  in  experi- 
ments in  chemistry. 

The  finish  is  for  two  purposes— to  preserve  the  wood  and  to  add  to  the 
appearance  of  the  furniture;  it  must  be  in  keeping  with  that  of  the  remainder 
of  the  room.  All  exposed  parts  may  be  filled  with  silica  paste-filler,  then  finished 
with  one  coat  of  white  shellac  and  one  or  more  coats  of  Johnston's  wax  The 
latter  should  be  thoroughly  rubbed  and  polished.  The  inside  unexposed  parts 
should  'be  given  one  coat  of  orange  shellac.  The  bench  top  and  the  top  of  the 
shelf  that  holds  the  reagent  bottles  must  receive  a  different  treatment,  as  they  must 
be  resistant  to  acids  and  strong  alkalis.  .Manv  re-ipes  liave  been  given  for  the 
treatment  of  bench  tops  in  order  to  make  them  acid  proof.  Two  of  the  best  are 
given  here. 

Finishes  for  Bench  Tops 

No.  1.  Apply  with  a  brush  the  liquid  made  bv  boiling  logwood  chips 
in  an  iron  kettle.  When  dry  give  a  second  coat.  This  second  coat,  when  dry, 
u  followed  by  a  coat  of  a  solution  of  copperas  in  hot  water.  When  the  bench 
is  dry,  rub  it  down  with  sand-paper.  Next  pour  on  melted  paraffin  at  a  high 
melting  point  (55°  to  60").  By  means  of  a  hot  r,-  "on  the  paraffin  is  thoroughly 
rubbed  mto  the  wood  in  order  to  impregnate  the  ^  >res.  When  cool,  the  super- 
fluous  wax  is  removed  by  scraping  the  surface  with  a  piece  of  thin  steel  having  a 
smooth,  straight  edge. 

No.  2. 

Solution  No.  1 

Copper  Sulphate 1  pa^t 

Potassium  Chlorate | "  1  part 

^•te' •■•• ..'.'.»  i»arts 

Boil  until  salts  are  dissolved. 

Solution  No.  2 

Y*.^'' ■'«»  parts 

Aniline 6  pajts 

Hydrochloric  Acid ]  g  parts 

By  means  of  a  brush  apply  two  coats  of  Solution  No.  1  while  it  is  still  hot, 
and  allow  the  first  coat  to  dry  before  applying  the  second.     Then  apply  two 
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coata  of  Solution  No.  2,  and  allow  the  wood  to  dry  thoroughly.  Later,  a  coat 
of  raw  linseed  oil  is  applied  by  means  of  a  clo  h  instead  of  a  brush,  in  order 
to  get  a  thinner  coat  of  oil.  Then  thoroughly  wash  the  top  with  soap-suds  and 
an  ebony  appearanpe  is  the  result.  Either  '  these  solutions  should  be  applied 
to  the  bench  top  and  also  to  the  shelf  abo\,  it  on  which  tne  reagent  bottles  are 
kept.    More  complete  instructions  for  finishing  bench  tops  are  found  on  page  11. 

.  Uses  op  Pabts  of  Bench 

The  opened  top  is  the  part  used  for  all  experimental  work  in  both  physics 
and  chemistry;  it  can  also  be  used  for  biological  work,  but  the  liijhting  is  not 
very  suitable  for  such  a  purpose.  This  top  must  be  rubbed  dry  after  use  and 
alwavs  left  folded  up. 

The  ideal  method  is  to  have  one  pupil  at  a  bench  in  experimental  work,  both 
in  physics  and  in  chemistry,  and  under  these  conditions  there  is  accommodation 
for  twelve  in  the  room  (see  Fig.  28) ;  if  two  work  together,  then  twenty-four 
can  work  at  once.  No  sets  of  lockers  have  been  provided  in  the  benches,  as 
it  is  taken  for  panted  that  in  a  school  with  such  limited  accommodation  there 
will  not  be  more  than  one  set  of  pupila  working  in  chemistry  and,  hence,  one 
set.  of  apparatus  for  each  bench  is  all  that  is  required.  It  will  be  advisable  to 
have  separate  lojjks  on  each  cupboard.  The  cupboards  below  are  to  hold  the 
larger  and  rougher  pieces  of  apparatus,  such  as  retort  stands,  burners,  pneumatic 
Ir"!^  i'/^**"*'"'"'  **"**^'  ^'^  ^"^^  iy^siers,  mop-cloths,  and  all  metal  apparatus 
that  will  corrode  if  placed  above  with  the  reagent  bottles,  from  which  some  fumes 
are  sure  t»  escape.  On  the  shelves  above  are  placed  the  reagent  bottles  and 
glass  beakers,  funnels,  Florence  flasks,  etc.,  which  the  fumes  will  not  injure 
As  the  reagent  bottles  are  closed  in,  they  will  be  kept  free  from  dust,  which 
18  sure  to  accumulate  on  them  if  they  are  left  exposed.  The  beam  above  will  be 
found  very  useful  for  a  number  of  purposes,  such  as  the  suspension  of  pulleys, 
levers,  magnetic  needles,  spring  balances,  etc. 


Wateb  and  Gas 

The  ordinary  kitchen  or  bath-room  sinks  are  not  at  all  suitable  for  science 
laboratories,  as  the  enamel  soon  becomes  chipped  oflP,  exposing  the  iron,  which 
rapidly  becomes  a  prey  to  the  corroding  liquids  so  frequently  used  in  chemistry. 
The  sinks  should  be  rectangular,  and  shallow,  so  that  they  can  be  easily  kept 
clean  The  bench  top  above  should  project  slightly  over  ijie  edge  of  the  sink 
m  order  to  prevent  the  water  from  splashing  over.  The  sinks  themselves  should 
be  made  of  thick  enamelled  vitrified  stone-ware,  white-glazed  inside  and  cane- 
glazed  outside,  with  overflows  and  plugs  attached  by  chains  to  a  rii.g  in  the 
top  A  good  size  IS  16  in.  by  12  in.  by  6  in.  For  more  details  regarding  laboratory 
sinks  see  page  19.  These  sinks  should  be  surrounded  by  a  draining-board  with 
a  raised  apron  at  ihe  margin,  in  order  to  prevent  the  water  from  being  splashed 
upon  the  floor.  The  draining-board  and  apron  are  preferably  of  slate,  but  this 
will  be  too  expensive  for  most  schools,  and  white-wood  may  be  substituted,  as 
It  stands  the  water  well.  In  Canada,  this  name  is  frequently  given  to  varieties 
of  poplar  or  cucumber  trees,  but  both  these  are  quite  unsuitable  for  this  purpose, 
the  real  white-wood  being  the  product  of  the  tulip-tree. 
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The  tap*  should  be  of  the  gwtn-neck  type,  and  the  mouth  should  be  high 
enough  to  allow  a  tall  jar  to  be  placed  beneath  it.  They  should  be  made  of 
gun-metal  with  a  tapering  corrugated  nozzle,  so  that  rubber  tubing  can  be 
easily  pushed  over  them  (see  Fig.  6).  Brass  and  nickel-plated  ware  should  be 
avoided,  as  both  rapidly  tarnish  owing  to  the  corrosive  gases  (see  pages  19,  20,  and 
Figure  6,  for  particulars  regarding  the  Ups).  The  water-pipes  should  be  pUced 
around  the  room  in  the  bottoms  of  the  cupboards  against  the  wall,  but  above  the 
floor,  and  each  branch  leading  to  a  tap  should  have  a  cut-off,  in  order  tliat  the 
whole  water  supply  need  not  be  shut  off  when  it  is  necessary  to  repair  a  single  tap. 
Two  taps,  one  on  each  side  of  a  sink,  will  be  useful,  where  several  pupils  require 
to  use  the  same  sink  simultaneously.  An  adequate  supply  of  running  water  is 
very  important  even  in  small  schools,  and  the  method  of  obtaining  it  is  fully 
described  on  pages  15-18.  One  or  two  gas-taps  are  placed  at  the  middle  of  each 
bench  wed  toward  the  back.  While  water-taps  are  regulated  by  a  wheel  valve, 
the  gas-taps  are  regulated  by  means  of  a  lever  valve.  The  gas-mains  are  placed 
along  the  floor  under  the  benches  and  close  against  the  wall,  the  branches  for 
each  tap  rising  vertically  through  the  back  of  the  cupboard.  A  gas  sunply  for 
schools  is  discussed  fully  on  pages  28-30. 

Arranobment  of  Benches 

The  benches  (Fig.  28)  are  placed  between  the  windows  and  along  the  back 
of  the  room,  while  the  sinks  are  placed  opposite  the  windows  and  at  the  corner, 
and  one  also  at  the  back  of  the  room.  By  this  arrangement  no  pupil  is  far 
from  a  sink.  As  the  sinks  are  lower  than  the  bench  tops  they  do  not  prevent 
access  to  the  windows. 

In  order  to  have  the  minimum  amount  of  distraction,  most  of  the  pupils 
experimenting  are  well  behind  the  pupils  at  the  desks.  There  is  also  a  sufficiently 
wide  aisle  between  the  science  benches  and  the  desks,  as  tho  space  between  them 
IS  twenty-two  inches  wide  when  the  bench  tops  are  down,  a  =1  rhirtv-one  inches 
when  they  are  closed. 

The  other  furniture  must  be  placed  according  to  the  wall  space  remaining. 
A  large  apparatus  cabinet  is  placed  against  the  wall  opposite  the  windows  (Fig. 
28),  and  two  reagent  cabinets  are  placed  one  on  each  side  of  tho  room.  These  con- 
tarn  the  stock  liquids  and  solids  that  are  only  occasionally  used,  and  hence  are  not 
placed  on  each  pupil's  bench.  A  draught  closet  placed  in  one  corner  should 
have  a  pipe  above  leading  into  a  flue,  and  must  have  a  strong  draught,  either  natural 
or  by  an  electric  or  hydraulic  fan.  A  full  description  of  each  of  these  pieces  of 
furniture  is  given  in  other  parts  of  this  book,  as  follows:  Apparatus  cabinets  on 
pages  TO  and  101,  reagent  cabinets  on  page  76,  and  drauglit  closets  on  page  83. 
The  cufltom  of  having  a  single  cabinet  in  which  all  the  apparatus  and  reagents  are  ' 
kept  18  very  objecHonable  indeed  and  should  he  discontinued.  The  reagents  must 
be  kept  quite  separate  from  the  apparatus,  as  there  are  always  corrosive  gases 
escaping  from  the  bottles,  which  rapidly  destroy  the  metallic  and  wooden  parts  of 
the  apparatus.  The  reagent  cabinet  should  be  placed  as  far  as  possible  from  the 
apparatus  cabinet. 

Modifications 

The  benches  just  described  are  placed  between  the  windows,  and  are  not 
mitable  for  a  room  in  which  one  side  has  the  windows  close  together,  which  is  the 
nsual  arrangement  in  the  best  lighted  school-rooms  of  the  present  time.     If  it 
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u  necetury  to  place  science  benches  in  front  of  such  windows  (Fig.  29a)  there  are 
■ereral  features  in  their  construction  which  will  require  modification.  No  sheWas 
can  be  placed  above  the  top  at  the  back,  as  they  would  stand  directly  in  front  of 
the  windows  and  cut  off  the  light;  moreover,  the  hinged  part  of  the  bench  tq> 
cannot  be  raised.  To  overcome  Uiese  difBculties  the  shelves  moat  be  omitted 
altogether,  and  the  part  of  the  bench  top  projecting  beyond  the  edge  of  the  cnp- 
board  will  be  hinged  and  drop  down  like  the  leaf  of  a  table  (Fig.  29b).  The  leaf  is 
held  in  a  horizontal  position  by  a  bracket  turning  on  a  pivot  in  exactly  the  same 
manner  as  the  leaf  of  a  table  is  supported.  The  hinged  part  of  the  bench  top 
in  this  case  will  be  much  narrower  than  in  the  case  described  above,  where  it 
folds  up.  A  modification  of  the  cupboard  in  such  a  bench  might  also  be  made 
to  advantage.  A  shelf  might  be  placed  in  the  space  beneath  the  top  at  such 
a  height  that  the  space  above  it  is  shut  in  by  the  movable  part  of  the  top  when 
it  is  down,  and  so  this  latter  acts  as  a  front  for  the  upper  compartment  of  the  cup- 
board, the  lower  compartment  having  a  cupboprd  door  as  in  the  original  bench. 
The  leaf  should  have  arrangements  for  bolting  or  locking  it  when  down,  so  as  to 
make  the  space  behind  it  safe  from  interference.  All  the  benches  in  such  a  room 
might  be  of  this  latter  pattern,  though  it  is  probably  better  in  most  cases  to  place 
this  type  of  bench  in  front  of  the  window,  and  to  place  those  represented  by 
Fig.  29  at  the  back  of  the  room  as  in  Fig.  29a. 

The  above  gives  a  description  of  the  complete  furniture,  but  the  arrange- 
ment and  furniture  lend  themselves  to  much  variation,  according  to  the  shape 
of  the  room,  the  number  of  pupils,  the  amount  of  money  to  be  spent,  etc.  The  cost 
may  be  reduced  in  various  ways.  Cheap  materials  for  the  furniture  may  be  used, 
the  number  of  benches  or  sinks  diminished,  and  the  quality  of  the  finish  may  be 
lowered.  It  would  be  possible,  but  not  advisable,  to  put  in  another  row  of  pupils' 
desks  if  the  number  of  the  pupils  demanded  it.  There  is  a  possible  objection 
to  such  a  laboratory  bench  as  is  here  described.  Frequently  a  new  laboratory 
is  added,  or  a  special  room  is  set  aside  for  use  as  a  laboratory  exclusively,  and 
the  old  laboratory  benches  are  required  for  use  in  the  new  room.  These 
wall  benches  are  built  primarily  for  use  only  against  a  wall,  and  are  not 
the  best  for  an  ordinary  laboratory.  They  are  designed  for  a  class-room  where 
little  space  is  available.  Such  benches,  however,  can  be  placed  back  to  back 
in  a  laboratory.  Still,  where  a  school  board  places  science  benches  in  a  class- 
room, intending  shortly  to  have  a  room  properly  fitted  for  science  teaching,  it 
would  be  better  to  put  in  the  regular  combined  physical  and  chemical  benches 
described  in  Chapter  III,  and  place  them  close  together  and  in  smaller  number. 
They  will,  of  course,  produce  a  more  cramped  condition,  and  should  onlv  serve 
as  a  temporary  provision. 
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CHAPTER  III 


COMBINED  PHYSICAL 


AND 


CHEMICAL  LABOKATOKY 


Thb  laboratory  furniture  of  a  school  in  which  all  tlie  experiinuntul  work  in 
science  is  performed  in  the  tlaw-room  has  bt-en  dcwribed  in  the  picicdini?  Chapter, 
and  such  an  arrangement  should  obUin  only  iinder  exceptional  oircumstances.  The 
more  usual  condition  is  that  in  which  one  room  is  set  o&ido  exclusively  to  be  used 
as  a  laboratory,  with  one  or  two  smaller  rooms  that  may  be  used  for  the  storage  of 
apparatus,  specimens,  etc.  The  better  grades  of  continuation  schools  and  the 
smaller  high  schools  should  all  have  nt  least  thi^  accommodation,  liarger  high 
schools  and  collegiate  institutes  should  have  at  least  two  rooms,  ow  for  a  physical 
and  the  other  for  a  chemical  lalmratory,  and,  of  course,  the  larger  schools  will 
have  still  more  elaborate  equipment.  It  is  the  combined  physic  nl  and  chemical 
laboratory  that  will  be  described  in  this  chapter 

ADVANTAGES  AND  DISADVANTAOKS 

Such  a  laboratof}-  possesses  advantages,  in  some  respects,  over  separate  physical 
and  chemical  laboratories,  and,  of  course,  still  greater  advantages  over  the  class- 
room that  is  also  used  for  a  laboratory.  The  disturhanc-e  due  to  the  combination 
of  class-room  and  lalwratory  disappears.  There  can  l)o  economy  in  the  amount  of 
apparatus  required  in  such  a  room,  as  certain  apparatus  is  used  in  Iwth  physics 
and  chemistry,  such  as  Bunsen  burners,  alcohol-lamps,  retort-stands,  licnkcrs.  etc. ; 
while  in  the  school  with  separate  laboratories,  either  duplicate  sets  have  to  \m  pro- 
vided, or  a  great  deal  of  time  is  wasted  in  carrying  apparatus  from  room  to 
room,  and  much  irritating  confusion  arises  from  the  fact  that  the  pieces  are  not 
always  put  back  in  the  right  drawer  or  cupboard.  Such  a  laboratory  takes  up  less 
room  than  the  separate  science  rooms  and  is  certainly  less  expensiv'e  to  equip  and 
maintain.    These  are  considerations  of  importance. 

On  the  other  hand,  such  an  arrangement  has  serious  disadvantages  that  more 
than  counterbalance  the  ^ood  points  already  mentioned.  Fnless  the  school  is 
small,  or  the  matter  of  expense  is  serious,  the  combined  laboratory  is  not  to  be 
recommended.  The  pupils'  benches  which  are  suitable  for  physics  are  not  con- 
venient for  chemistry.  In  a  chemistry  bench  every  pupil  must  have  ready  access 
to  a  sink,  while  in  the  physics  bench  the  opening  of  the  sink  is  inconvenient,  as  a 
plain,  level  surface  of  large  area  is  required.  Individual  benches  of  small  size  are 
best  for  chemical  work,  while  in  physical  experiments  longer  benches,  on  which 
long  pieces  of  apparatus  may  be  placed,  are  a  necessity ;  a  stone  top.  also,  is  most 
resistcnt  to  the  reagenis  of  the  chemical  laboratory,  though  quite  unsuited  to  the 
physics  bench,  where  objects  have  to  be  clamped  to  the  top ;  the  oliemical  benches 
require  the  space  underneath  to  be  taken  up  with  pupil's  lockers,  while  the  physics 
benches  are  better  if  they  have  open  spaces  below.  In  a  school  of  moderate  size 
it  is  frequently  necessary  to  have  more  than  one  science  class  at  the  same  time,  and 
in  the  one-laboratory  school  some  of  these  classes  must  be  held  in  ordinary  class- 
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roomii ;  lu  thx*  w«y  usperimenui  work  it  li»bl«  to  ba  uegleeted.  In  Um  on*, 
kboratory  •ohool,  XtKilitiea  for  carryiuf  off  the  uorrotive  gun  «n  not  likely  to  ba 
very  edicient;  thwto  «UHe«  are  bound  to  be  v^^y  injurioiu  to  t)ie  deliwife  phyiicnl 
•pp»r»tuii,  and  csuie  couuiderable  depreciatioa  in  the  value  oi  the  equipment. 

THE  PUPIL'S  B^SNCH 

The  arrangement  aiid  structure  of  benchei,  u  illuitrated  and  dewribed,  n- 
duco  Uaw  disadvanUgi-B  to  a  raimmum.  Drawing!  cf  Uie  f«mbined  Iwnch  u»ed  for 
phywM  and  elieinistry  are  shown  in  Figure.^  30  and  ai.  Figurea  32,  33,  34,  and  38 
•how  working  drawing*  of  the  bench  which,  if  atudied  carefully,  will  maka  ita 
•tructuro  clear.  Such  a  Iwnch  ia  only  beginning  to  be  nwd  in  thia  country  but  ia 
very  largely  used  in  Great  Bntain.  It  u  rroUblv  the  moat  efficient  bench  for  a 
combined  lalniratory  yot  deviled.  W.  &  J.  Oeo'rge.  of  Hatton  Hall.  Ix.ndon, 
i!,i.>rluiid.  «.-rc.  It  IS  belhved.  the  firat  to  place  it  on  the  market  llje  l^enrh  ab„ut 
to  be  described  is  modelled  after  theirs,  though  witli  .omc  mo,lifii«li,„m  whi,.], 
make  it  more  suitable  for  Ontario  schools. 

Ka.'.  l,..,,,.},  is  r  ft.  long  and  4  f(  wide,  and  will  accommodate  four  punila. 
Thu  gives  earh  pupil  a  working  surface  of  .11/.  ft.  long  and  2  ft.  vride.  or  where 
two  work  together,  as  is  nec-osftry  in  some  experiment*,  the  two  hnTo  a  Leiieh  top 
7  ft.  long,  whi'h  18  ample  for  any  experiments  in  physics.  The  bench  .should  be 
of  such  a  heijrht  tiat  the  pupil,  when  standing,  should  be  able  to  work  with  the 
forParni  approximately  horizonta' :  from  .1.1  in.  to  .16  in.  will  1*  the  nio«t  suitable 
height  for  high  school  pupiN. 

The  top  should  be  made  (.rcfcrably  of  teak,  as  no  other  wood  can  compare  with 
this  for  ducb  a  purpose.  It  is  tough,  (Iocm  not  wurp  and,  being  filled  with  resin,  ia 
quUe  impenneable.  If  it«  expenb^  is  prohibitive,  maple  strips  one  inch  wide. 
thorou^^.ly  ;:lued  together  with  a  waterproof  glue  (mh:  page  II)  will  answer  well- 
but  such  a  top  may  be  expected  to  warp  a  little  and  also  to  separate  more  or  lesa 
where  ;:luc,l  together.  Georgia,  or  pitch  pine,  is  also  suitable  for  this  puriiose.  as 
It  .8  much  harder  than  white  pine  and  it,  resinous  character  makes  it  impervious. 
The  n.ost  novel  feature  ol  this  bench  from  a  Canadian  standpoint  is  the  style  of  the 
reagent  shells.    These  arc  arranged  in  sets  of  two,  one  above  the  other,  and  are 

f),V"  T,'"\  'a-  ^^^^"^^  '"  *"•  ^'«^-  F^arh  has  a  strip  running  lengthwise  along 
the  m..ldle  to  divide  it  into  two  sides-one  for  a  pupil  on  each  side  of  the  bench 
In  order  to  prevent  the  bott'es  falling  out,  a  low  strip,  forming  a  low  apron,  runs 
along  the  front  of  the  shelf.  This  strip  does  not  run  quite  to  one  end.  thus  facili- 
tating the  cleaning  of  the  shelf.  Each  shelf  is  8  in.  high,  which  will  allow  for 
ordinarv  «  oz.  reagent  bottles.  Five  or  six  bottles  may  be  placed  on  each  shelf. 
These  latter  have  the  end  pieces  projecting  almost  as  far  below  the  bench  top  aa 
they  nse  above  it  (Fig.  33).  In  order  to  give  strenirth.  a  cross-piece  is 
put  between  the  lower  ends.  This  shelf  can  he  lowered  and  raised  like  a  window 
sash.  A  cord  with  a  lead  weight  at  one  end.  after  passing  over  a  pnllev.  has 
he  other  end  attached  to  the  base  of  the  end  piece  of  the  shelf.    The  lead  wdgS 

haT^wh!  tl  TT  '"''"''^  *"  7' "'  ^^'  '^'^'''-  '^^*'  ^«'^  i*  <^  »<ii»'"t«<i  i°  length 
tty,  r  t  '"/"^  '■"""''  "^  *•'*'  **"■  ^«''^-  """  '•"  ^"^"l  ^t>,  the  top  of  The 
bench,  the  weight  rests  on  a  stmport   not  shown  in  the  Figure.    The  shelvea  can 

Snch'a^d  a"*"  ^M^^"'  *'^  "PP^'  '"«''  '«  oontinuou^with  the  top  5  7. 
bench  and  a  snap  holds  them  in  this  position,  which,  when  drawn  back,  allowr 
them  to  r«e  owing  to  the  force  of  the  weight     A  chain  somewhat  simUar  H 
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bicycle  clmiii  may  be  used  instead  of  the  sash  cord   and  is  better.    Partitions  of 
mattlied  Ijoards  run  from  tlie  top  to  the  bottom  of  the  bench  on  each  side  of  the 
shelf,  thus  separating  it  entirely  from  the  drawers  below  the  bench  top.     Thii 
arrangement  overcomes  several  of  the  objections  to  a  combined  physical  and  chemical 
bench.    The  best  science  teachers  now  consider  any  shelves  rising  above  the  top  of 
the  bench  as  a  disadvantage;  for  they  do  not  allow  the  teacher  to  have  an  unob- 
structed xii'w  of  the  whole  class.      This  is  particularly  objectionable  where  the 
laboratory  is  also  used  as  a  demonstration  and  lecture-room,  because  the  shelvee 
prevent  the  pupils  from  seeing  the  experiments  performed  on  the  demonstration 
bench,  and  they  also  give  mischievous  pupiU  opportunities  to  get  out  of  the 
master's  sight.     The  adjustable  shelves  overcome  this  difficulty.     When  physical 
experiments  are  being  performed,  and  when  demonstrations  are  being  given,  the 
shelves  are  lowered,  and  they  arc  raised  only  during  chemical  experiments.     The 
reagent  bottles  are  also  protected  from  the  dust  of  the  room.     Six  drawers  are  in 
each  side,  three  being  toward  each  end,  and  besides  these  there  is  a  cupboard  and 
three  common  drawers  on  each  side.     The  three  drawers  one  above  the  other  are 
to  serve  as  lockers  for  the  pupils.     Each  drawer  is  about  16  in.  tleep,  10  in.  high, 
and  13  in.  wide.    It  holds  flasks,  beakers,  test-tubes,  racks,  cti-.     A  slat  about 
4  in.  high  placed  across  the  bottom  of  the  drawer  on  the  inside  about  4  in.  from 
the  front,  in  which  flasks,  beakers,  etc.,  are  placed,  will  prove  valuable,  when  the 
drawer  is  quickly  opened  or  closed,  in  preventing  apparatus  from  sliding  along 
the  bottom  of  the  drawers  and  being  broken.    The  three  drawers  furnish  suffi- 
cient accommodation  for  three  classes  in  chemistry,  which  will  probably  be  the 
maximum  number  in  schools  having  the  combined  laboratory.     Each  of  these 
drawers  should  have  a  Yale  cylinder  lock,  all  the  locks  to  have  different  keys  and 
all  to  be  opened  by  one  master-key.     Duplicate  keys  should  go  with  each  lock. 
The  other  three  drawers  and  the  cupboard  on  each  side  have  no  locks.    They 
are  occupied  by  tlie  apparatus  which  is  not  likely  to  be  broken,  such  as  Hunsens 
retort  stands,  crucible  tongs,  etc.     These  are  used  in  common  by  all  the  classes  in 
physics  and  chemistry.    A  shelf  that  pulls  out  is  placed  abo-  e  each  tier  of  drawers 
This  gives  a  clean  surface  on  which  the  student's  note-book  may  be  placed   A  com- 
plete partition  should  be  put  over  the  bottom  and  middle  lockers  in  each  tier,  so 
that  they  cannot  be  pulled  out  and  the  contents  of  the  one  below  taken.    All  the 
drawers  should  have  a  button  on  the  back,  in  order  to  prevent  them  from  being 
pulled  entirely  out  inadvertently  and  the  contents  upset  or  broken.    This  button, 
however,  when  tume.1  to  a  horizontal  position,  should  allow  them  to  be  completely 
withdrawn,  as  this  is  necessary  from  time  to  time  in  order  to  clean  them.     One  or 
two  gas-taps  rise  above  the  top  of  the  bench  at  the  back  of  each  pupil's  place     The 
drawings  (Figures  .S3  and  3.5),  show  o  single  large  sink  17  in.  long  bv  1 1  in.  wide  at 
the  centre  of  each  bench  top.    Each  sink  should  have  a  cover,  which  may  be  placed 
on  it  so  that  the  top  will  be  flush  with  the  bench  top.    This  sink  has  a  tap  at 
each  side,  which  wrfl  be  used  by  the  two  pupils  working  on  that  side  of  the  bench, 
.lointed  water-taps  may  be  supplied,  which  can  be  folded  over  into  the  sink  and 
thus  give  a  clear  sweep  for  the  whole  top  (with  thf  exception  of  the  gas-taps) 
foT  expenmental  work  in  physics.     Tf  the  electrical  supply  is  distributed  to  each 
bench,  suitable  terminals  may  he  pl.,rcd  at  the  end  of  the  bench  top.  one  set  for 
each  pupil     The  drawings  do  not  show  uprights  with  a  cross-beam  such  as  is  used 
on  physical  benches  (see  Fig.  58).     Such  uprights  may  easily  be  added,  as  they  do 
not  offer  much  obstruction  to  the  view  and  will  prove  very  useful  in  physical  work 
Many  variations  may  be  made  in  this  desk  to  suit  individual  needs.     The 
«>enche8  may  be  made  long  enough  to  accommodate  six  pupils   or  even  more,  and 
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tlieu  fewer  bfueliw  would  \te  required.  This  may  be  necesaary  in  order  to  make 
them  tit  into  a  room  that  is  very  long  and  narrow,  or  into  one  that  ia  almost 
square.  The  adjustable  shelves  may  be  omitted,  if  each  pupil  ia  not  supplied  with 
a  set  of  reagents,  or  tlie  reagents  may  be  kept  on  small  shelves  on  the  walls;  but 
reagent  shelves  iwrmauently  fixed  above  the  top  are  not  to  be  recommended.  Two 
smaller  sinks  might  \te  used  instead  of  the  one  large  one  and  there  might  be  a 
less  number  of  drawers,  but  this  will  be  at  the  expen«*e  of  efficiency.  The  qualities 
of  material  and  finish  will  also  vary  to  suit  the  finances  »{  the  Iward  and  to 
harmonize  with  the  other  furnishings  of  the  huilding. 

The  material  of  the  top  has  already  been  -liBcuHsed.  The  exposed  parts  of  the 
body  may  l)e  made  of  pine,  ash,  maple,  or  birch,  according  to  taste.  The  drawers 
may  be  made  of  basswood  with  birch  slides.  If  uprights  are  used,  they  should 
be  made  of  birch  or  teak.  The  top  and  all  exposed  parts  should  be  finished  as 
described  on  pages  10  and  11.  The  taps,  both  water  and  gas,  should  be  gun-metal, 
as  brass  and  nickel  will  tarnish  and  not  look  well.  The  drawer  pulls  are  best  made 
of  wood,  as  metal  will  not  withstand  the  acid  fumes.  They  should  project  as  little 
as  possible. 

ARRANOEMENT  OF  FURNITURE 

The  laboratory  should  be  of  such  a  size  that  the  benches  can  be  placed  in  the 
most  convenient  positions  and  yet  give  adequate  space  for  the  pupils  and  suffi- 
cient room  for  the  teacher  to  move  among  them  when  assisting  in  the  work.  It 
should  also  have  accommodation  for  a  lantern  stand,  draught  closets,  and  some 
shelves  for  reagents,  also  shelves  for  storjng  the  sets  of  pupils'  apparatus.  There 
must  be  at  least  one  additional  ii|>artinent  to  serve  as  a  store-room,  and  a  small 
dark-room  will  be  found  valuable,  but  is  not  absolutely  necessary. 

The  benches  should  1h>  placed  with  their  ends  directlv  in  front  of  the  windows, 
as  shown  in  Figure  36.  This  secures  good  ^ide  light  for  all  the  working  places. 
The  teachers  demonstration  bench  (t)  is  al>o  placed  opposite  a  window,  so  that  a 
porte  lumiere  placed  in  the  window  will  throw  light  directly  across  the  bench.  Of 
course  it  is  possible  to  have  a  hole  drilled  in  the  wall  and"  a  porte  lumiere  placed 
in  this  opening. 

Every  science  room  should  be  equipped  with  a  projection  lantern  and  a  stand 
(iV) ;  it  can  be  placed  at  the  back  of  the  room  in  the  aisle  between  the  rows  of 
benches.  An  opaque  screen  (E)  on  a  spring  roller  is  placed  above  the  black- 
board. 

Even  in  a  ...hool  with  a  single  laboratory,  provision  should  be  made  for  bal- 
ance tables,  as  these  require  a  firm  horizontal  base  to  rest  upon,  are  usually  in- 
jured by  being  carried  to  the  pupils'  benches,  and  are  certainly  injured  by  the 
corroding  gases  discharged  into  the  room  during  experimental  work  in  chemistrj'. 
These  tatdes  are  l)est  placed  against  the  wall,  and  as  they  must  be  free  from  all 
jarring  they  should  be  fixed  to  it  by  brackets  having  no  "attachment  to  the  floor. 
Full  particulars  are  given  on  page  81. 

^  Wliile  a  few  of  the  more  generally  used  chemicals  will  be  kept  on  the  reagent 
shelves  in  the  pupils'  lienches,  it  is  convenient  to  have  other  shelves  at  accessible 
places  around  the  room  on  which  other  commonly  used  chemicals  are  kept,  as  well 
as  a  stock  supply  of  the  reagents  in  the  bottles  on  the  shelves  of  the  lynches  from 
which  the  pupil's  supply  is  replenished.  These  may  Ik>  placed  on  the  walls  between 
the  windows  (D)  in  tiers  of  two  or  three  shelves'.  The  bottoms  of  these  shelves 
should  be  made  of  plate  glass  or  slate ;  or  if  of  wood  they  should  be  well  protected 
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by  an  acid-proof  flninh.  One  large  mgent  tabinet  (H)  aliould  be  placed  near 
the  demon«trator'8  »»ench,  in  which  all  the  reagents,  both  gelid  and  in  solution, 
•hould  be  kept.     The  xtructure  of  thi«  ii  deacriibed  fully  on  page  T6.- 

Draught  clottetH  (F)  are  placed  at  the  four  corners  of  the  laboratory,  one 
being  convenient  for  the  teacher,  the  others  cloae  to  the  pupih'  benchee.  These 
need  not  be  of  large  size,  but  must  have  a  strong  artificial  draught,  preferably  by 
meaiiH  of  a  motor  fnu.     They  are  fully  described  on  page  8.}. 

The  store-room  is  a  necessity  in  such  a  laboratory,  as  physical  apparatus 
would  soon  be  ruined  if  kept  in  a  bboratory  where  chemical  experiments  are  being 
performed.  The  store-room  has  apparatus  cabinets  (M)  around  the  interior  walls. 
For  description  of  these  see  page  101. 

A  table  (P)  in  the  middle  of  the  store-room  is  very  convenient  for  the  pur- 
pose of  setting  up  apparatus  and  laying  pieces  preparatory  to  putting  them  in  the 
cabinets.  A  work  bench  ('L)  may  be  placed  along  the  outer  wall  just  below  the 
windows;  this  should  have  n  sink,  and  should  Ih'  fitted  also  for  working  in  wood, 
iron,  and  glass. 

Figures  37  and  38  show  plans  of  two  s<'ience  rooms  of  larger  size  than  the  one 
illustrated  in  Figure  36.  These  combine  the  laboratory  with  the  lecture-room.  This 
arrangement  is  one  that  should  be  aimed  at,  even  in  small  schools,  for  the  addi- 
tional space  and  equipment  required  are  insignificant,  while  the  conveniences  for 
doing  effective  woric  are  greatly  increased.  It  is  difficult  to  teach  a  lesson  or  de- 
monstrate an  experiment  to  a  class  distributed  over  a  large  room  and  seated  un- 
comfortably at  science  benches,  half  of  them  faring  the  hack  of  the  room.  A  set  of 
seats  compactly  placed  near  the  demonstration  l)ench  gives  a  much  more  favourable 
condition.  All  the  pupiht  can  observe  clearly  any  experiment  or  explanation  on  the 
black-board  and,  as  the  teacher  has  his  class  under  closer  observation,  discipline 
becomes  much  easier. 

The  letters  in  Figure  T,  have  the  same  significance  as  those  in  Figure  .Ifi; 
Figure  37  shows  the  nrrangement  in  a  square  room  and  Figure  :W  in  a  long,  narrow 
room.  The  general  arrangement  in  both  is  similar  to  that  of  Figure  36  and  calls 
for  no  additional  comment.  The  position  of  the  lecture  seats  in  Figure  38  is 
superior  to  that  in  Figure  37.  as  the  light  is  much  better.  In  both  rases  there  is 
no  aisle  next  the  windows,  as  it  is  neces.sary  to  place  the  benches  against  the  wall 
between  the  windows  in  order  to  economize  space.  Altosethcr.  there  is  much  to 
be  said  in  favour  of  the  long,  narrow  room  for  laboratory  purposes. 

Ver>-  great  variations  can  1k>  introduced  into  this  arrangement.  Tp  many 
continuation  schools,  the  room  at  the  disposal  of  the  teacher  of  science  is  much 
smaller  than  any  of  these  illustrated.  Such  a  room  as  pictured  here  is  the  ideal 
to  be  aimed  at.  If  the  room  set  apart  for  science  is  small,  the  lienches  may  be 
decreased  in  size,  the  spaces  l)etween  them  diminished,  and  at  one  side  of  the 
room  they  may  be  placed  against  the  wall.  In  schools  with  a  small  science  room, 
the  number  in  a  lalmratory  class  will  usually  l»e  small,  and  prolmblv  four  tables 
mstead  of  six  will  give  sufficient  ei|uipnipiit.  It  must  alwavs  he  remcml)cred, 
however,  that,  while  all  these  changes  reduce  the  cost  of  equipment,  they  also 
diminish  the  efficiency  of  the  laboratory  and  conscquentlv  prove  to  }«  an  unwise 
economy. 
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CHAPTEll  IV 
CHEMICAf.  LAHOKATORY 

The  situatiou  of  the  chemical  laboratory  liai<  already  been  diHcuaaed  (nee  page 
3).  TIh-  nwin  should  be  large  and  airy,  witli  numeroun  windowH  that  can 
be  r.iulily  oirmiwI  from  both  top  and  bottom,  m  that  it  can  be  emptied 
of  irntatiiiK  nam.'^  with  the  greatest  rapidity.  For  the  same  reason  tlu-  ventilation 
of  thi«  nwm  nhduld  be  particularly  perfect.  It  it  u  on  the  same  ventilating 
circuit  an  the  rest  of  the  building,  the  flues  loading  into  it  and  out  from  it  should 
be  proportionately  larger.  The  easentials  in  construction  and  arraii>femint  are 
simplicity,  ample  space,  promotion  of  easy  discipline,  and  minimum  amount  of 
movement  on  the  part  of  the  pupils.  The  benches  and  other  furniture  should 
not  be  constructed  to  fit  the  room,  but  the  latter  should  W  made  of  such  size 
and  proportion  ax  to  accommodate  the  funiiture. 

UOHTINO 

The  illumination  should  be  as  adequate  as  possible.  The  windows  are  usually 
confined  to  one  side  and,  if  so,  they  should  be  large  and  close  together,  the  whole 
side  Ijeing  as  nearly  as  possible  composed  of  windows.  These  should  extend  as 
close  to  the  ceiling  as  circumstances  will  permit.  If  the  room  is  situated  on  the 
upper  storey  a  large  skylight  is  a  valuable  addition,  as  it  gives  the  best  light 
for  looking  down  into  evajwrating  dishes,  beakers,  or  bottles. 

rURNITURE 

The  most  important  pieces  of  furniture  are  the  pupils'  work  benches,  pre- 
ferably single  ones,  which  should  supply  twenty-four  working  places.  Besides 
these,  a  teacher's  demonstration  bench,  as  long  as  possible,  should  be  placed  at 
the  front  of  the  room.  One  or  more  reagent  cabinets  should  be  conveniently 
placed  for  the  use  of  the  teacher.  Draught  closets  are  a  necessity.  These 
are  placed,  preferably,  on  the  pupils'  benches,  but  in  case  that  is  not  feanible, 
then  several  should  be  placed  along  the  walls  where  they  will  be  accessible  to 
the  pupils.  Apparatus,  -abinets  are  placed  in  a  small  room  off  the  main  laboratory. 
Rigid  shelves,  on  whicu  are  kept  the  balances  inclosed  in  dust-proof  glass  cases, 
are  necessary  and,  if  at  all  possible,  they  should  be  in  a  separate  room  adjoining 
the  laboratory,  and  separated  from  it  by  a  transparent  glass  partition. 

All  the  afwve  furniture  is  absolutely  necessary  in  any  modem  chemical 
laboratory.  0<  ,er  pieces  of  furniture  will  add  greatly  to  the  efficiency  of  the  work 
but  ar.  not  m.  essential.  One  or  more  side  shelves  on  the  walls  are  convenient 
tocontein  supplies  of  reagents  from  which  the  pupils  may  stock  the  reagent 
bottles  on  their  benches ;  they  will  alw  contain  other  reagents  that  are  frequently 
used.  A  table  covered  with  an  asliestos  or  stone  top  is  useful  for  glass  blowing  and 
ottier  work  with  th.  blast  lamp;  and  another  containing  a  large  sand-bath,  on 
whieh  the  pupils'  fivap^iMting  diches  may  be  heated,  will  prove  a  great  time-saver. 
A  key  board  and  a  bulletin-board  are  also  useful. 

The  different  pieces  of  furniture  will  first  be  described  individually,  and 
then  the  best  arrangement  of  them  in  the  laboratory  will  be  discussed. 
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Thk  Pupil's  Bkncii 

TIw  mort  ImporUnt  fitting  i.  th«  pupil's  bench,  ud  it  .nay  well  be  .lem-ribwl 
llrit  Undoubtedly,  the  individutj  l«nch  ii.  to  be  pwferr«l.  Kvery  rewoi.  that 
ctn  be  given  for  t».e  tingle  deek  in  the  .iM.-roc.m  oan  Iw  «till  more  itrongW 
•dvMced  for  the  individual  l«.nch  in  the  <hemi.al  Ulwrmtory.  There  are  only 
two  poMible  objection*  to  tuch  a  hench-it  ih  more  expensive  an<l  it  occ  upiM 
more  floor  ip«v.  TomtMired  with  the  advantage*.  thei>«  objtt-tion*  are  '•  penny 
wiw.  pound  f.«li.h  ••  When  a  bench  ii  .Kinpied  by  «.yeral  pupiU.  their  appanitu. 
«  ipread  out  on  a  common  top  and  cannot  well  l)e  kept  M>paratei  there  ir^u.-h 
u'u  ^"*""'«"-  "<>  diecipline  becomw.  a  much  more  difficult  mattsr.  If 
e»'h  ha*  hi«  own  bench,  there  u  no  excuse  for  argument  or  Ulking  and  d« 
te,      «tion  to  appropriate  a  neighbour's  apparatus. 

bench  top  3Vi.  ft  long  is  sufficient  for  each  pupil.    The  width  should  ',.• 
•uch  that  a  pupil,  when  standing  at  the  bench,  can  reach  across  the  top  of  it  ■•  ut. 
out  bending     For  the  average  high  whool  pupil  this  wil.  be  about  «  ft  or  r  1  Hi- 
more     As  the  pupil  will  usually  1«  sUnding  when  working  at  the  I  .nch,  it  -h  ,.,i.I 
be  of  such  a  height  that  the  foreart»  will  rent  comforUbly  on  the  top.     For  „  n.ii, 

for  all  above  that  ag...  ,1  ft.     All  work  fairly  .-omfortahly  at  benches  three  'r^t 

hjgh     So  a  bemh  3V,  ft  by  V  ft.  by  3  ft.  will  he  of  proper  dimensions.     Figures 

^  'J  -I'-'W  «letai  s  ,.f  H  su.fible  Ik-iuI,  which  will  now  be  fully  ,»e.cribed. 

.roun.1  t^^"'^"'  ""^  *'^''  •  l";  '«P'  «'"'  i'  '"  «.lv«nts«eous  to  have  a  raised  e.lgc 
around  he  end.  an.  hack.  Th..  prevent,  objects  from  rolling  or  k-ing  pu«h«l 
off  the  l*n.h  and  also  prevent*  water  from  running  over  the  edges  The  ton 
.hould  project  1  in.  Uyond  the  body  on  the  side%t  whicJ  tSfpupil  wort"^ 
•ml  on  the  under  Mde  of  this  a  gutter  should  be  cut  to  «:t  a.  a  drip     ThU 

an.l  to  the  back,  but  never  at  the  .entre  of  the  t<.p.     The  lenjrth  of  the  sink 

win  .K-titT:/"^'  '"'■  J^  "P  '"''^"'^  "^  P"''*^  behind  thfaini  1^:^ "J 
will   Ik.  out  of  the   way.     The  gsM-tap  risen  above  the   top  near  th»  middle   .f 

It';';:  'tz  wh"r  ^-  /"^  "^" '''" "'  *»»«  •^'^-"^^ '-""  sockets  a;l.:unk 

in  tl.c  t« P,  into  which  rod.  which  act  a»  retort  stands  may  be  s.rowed  Thi«  d.KM 
away  with  the  ordinary  letort  stand,  which  is  always  a  nuisance,  particularlj  to'^; 

U  'm'.!"^''  1  ''"''*'"*•  '*  '^"''^'^  ^  ^'"•"'^  '*«h'°'l  the  sink,  as  in  the  illustration 
It  v»-.II  there  be  so  situated  that  a  flask  on  a  ring  attached  to  the  rod  wh  t; 
C..C  to    he  mouth  of  the  hood.     S„oh  an  arrangement  gives  a   cler  anlnl 

positions  Taps  at  the  front  of  the  bench  are  always  in  the  way  if  proiectinir 
above  the  bench  top  .nd,  if  placed  below,  they  limit  the  amouJ  of  araTl.hie 
pace  for  drawers  and  cuplK.«nls.  The  water-tap%hould  not  be  at  the  enSof  the 
sink,  as  It  IS  liablo  ,..  b,-  .truck  by  the  arms  when  a  person  passes  along  tie  aist 
Below  the  top  are  drawer.,  on  each  side  an^  a  r^ss  in  the  middle  t«rSe 
«he  knees  and  feet  when  the  pupil  is  sittin/down.     On  the  ri-^ht  '  £  oMl^ 

deep  as  possible,  so  that  they  may  hold  test-tube  racks  and  other  tall  apparatus 

tight  to  the  back  of  the  bench.     Each  drawer  should  have  a  partition  across  it 
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near  the  front  and,  in  the  narrow  compartment  thus  produced,  beaker*,  iiaaka. 
and  other  gUsB-ware  diould  be  nlaoed,  for  if  they  are  left  looee  in  the  drawer 
they  are  liable  to  be  broken  by  the  jar  of  opening  and  cloeing  the  drawer.  The 
drawere  .hould  v-ch  have  a  button  at  the  back,  which  will  prevent  them  from 
being  pulled  completely  out,  as  this  ig  liable  to  be  done  accidentaUy  with  a 
oonwquent  deatmction  of  glaw-ware.  Thig  button,  when  turned  in  a  horironUl 
position,  allows  the  drawer  to  be  entirely  removed,  which  is  occasionally  necessary 
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in  order  fliat  it  may  be  cleaned.  Above  this  tier  of  drawers  is  placed  a  sliding  shelf, 
which,  when  pulled  out,  may  be  used  as  a  support  for  a  note-book.  This  is  a 
convenience  but  not  a  necessity. 

On  the  left  side,  the  two  bottom  drawers  are  exactly  similar  to  those  on  the 
right.  But  above  these  are  three  drawers.  A,  B,  C.  (Pig.  41).  which  are  used 
for  containing  reagent  bottles.    These  drawers  are  3  in.  wide,  7  in.  deep,  and  as 
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long  88  possible.  The  front  and  back  are  of  wood,  while  the  sides  and  bottom 
•re  of  sheet-iron  covered  with  acid-proof  paint.  The  right  side  is  not  more  than 
2  in.  hij{h,  so  that  the  labels  of  the  reagent  bottles  may  be  seen.  These  drawers  can 
be  placed  on  the  bench  when  the  bottles  are  to  lie  used.  A  shallow  drawer  is 
placed  above  the  recess  under  the  middle  of  the  bench.  The  five  large  drawers 
are  to  be  used  for  lockers  in  which  pupils  store  their  individual  apparatus. 
Between  each  two  drawers  placed  one  above  the  other  a  complete  partition  must 
be  built;  otherwise  it  is  an  easy  matter  to  pull  out  a  drawer  and  appropriate 
the  apparatus  in  the  one  just  beneath  it.  These  lockers  are  all  furnished  with 
Yale  I'yiinder  locks,  each  unlocked  by  a  d.  'erent  key,  and  all  the  drawers  in 
the  laboratory  arc  controlled  by  one  master-key.  Each  bench  is  thus  equipped  to 
accommodate  five  classes.  In  the  recess  is  a  shallow  shelf  on  which  may  Ik>  placed 
pneumatic  troiijflis  or  otiu-r  iar^'e  pieces  of  apparatus  that  will  not  fit  into  the 
drawers.     It  is  necessary  to  iiave  some  of  the  apparatus  common  to  all  the  pupils, 
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Ftf.  41.— Reagent  drawer  marked  A.  B.  C  In  Fin  S9,  A 

as  it  is  impossible  usually  to  purchase  complete  outfits  for  each  locker.  This 
common  apparatus,  consisting  of  mortars,  burners,  metal  gauze,  and  other  pieces 
not  likely  to  be  broken,  is  placed  in  the  shallow  drawer  above  the  recess. 

A  sink  18  in.  long,  10  in.  wide,  and  5  in.  deep  is  a  good  size.  It  should  be 
of  the  very  best  earthenware,  white  glazed  inside  and  cane-glazed  outside.  It 
requires  no  rim  either  on  the  outside  or  inside,  as  it  is  fixed  beneath  the  top  by 
means  of  iron  brackets.  The  top  of  the  l)ench  should  project  slightly  over  the 
edge  of  the  sink  to  prevent  the  water  splashing  out.  The  plug  and  socket  at 
the  outlet  of  the  sink  should  not  l)e  of  brass,  as  the  chemicals  will  soon  corrode 
this  metal.  A  very  suitable  arrangement  is  one  in  which  the  socket  in  the  base  is 
made  of  lead  or  porcelain  and  in  which  the  aperture  in  the  socket  is  filled  by  a  gra- 
ting of  the  same  material.  A  porcelain  plug  is  attached  to  the  sink  which  can 
he  inserted  into  the  socket  above  the  grating  (see  Fig.  (i  and  description).  A 
large  overflow  is  necessary  in  order  to  prevent  flooding.  The  most  suitable  over- 
flow is  one  tliat  consists  of  a  tunnel  in  the  body  of  the  eartht  nwarc  of  the  sink 
itself  that  runs  do.vn  through  the  side  and  along  in  the  bottotn  to  empty  through 


70 


LABORATORY  ACCOMMODATION 


9 


the  side  of  the  opening  at  the  bottom.  (Section  through  desk  at  sink  in  Figure  40 
illustrates  this  point.)  A  standing  waste  is  not  to  be  rcfommended,  as  it  serves 
no  partieulnr  purpose  where  i>  plug  and  overflow  arc  provided,  and  it  occupies  a 
considerable  part  of  the  sink.  The  tap  should  have  a  swan-neck  (Fig.  5)  and 
fhould  be  of  such  a  height  that  the  opening  is  abiut  1  ft.  from  the  bottom  of 
the  sink.  The  valve  should  open  by  means  of  a  wheel  screw.  The  gas-taps 
should  just  project  about  1  in.  above  the  bench  top  and  should  be  horizontal,  the 
terminal  part  being  about  %  in.  in  diameter,  so  that  a  gas-tube  will  slide  over 
it  easily  but  tignily.  The  valve  in  it  works  by  a  lever  handle.  Neither  the  gas- 
nor  tlie  water-taps  should  be  made  of  brass  nor  should  they  be  -nickel-plated,  as 
the  surface  will  rapidly  become  unsightly.  (Jun-metal  is  by  far  the  best  material 
from  whiih  to  make  them.  (See  pages  lit.  in.  and  Fig.  ,5  for  fuller  descriptions 
of  these  taps.) 

.\s  has  been  already  stated,  allwrene  stone  is  the  most  suitable  material  for 
the  lop,  as  it  is  chemical  proof  and  not  so  hard  as  to  injure  glassware.  Maple 
or  birch  strips  glued  togpthcr  properly  and  treated  with  an  acid-proof  finish 
make  the  next  best  top.  C-'ass  and  slate  are  not  to  be  recommended,  as  the  former 
is  too  hard  and  the  latter  U)0  porous.  It  should  hardly  be  necessary  to  add  that  a 
niarl)le  top  is  entirely  unsuitable,  as  every  drop  of  acid  will  corrode  it.  (See  pages 
10,  11  for  complete  description  of  bench  tops.) 

The  h(KKls  need  some  dmription.  They  are  of  the  shape  indicated  in  the 
drawing  and  are  open  in  front.  The  best  material  to  use  is  copper,  but  galvanized 
iron  gives  gootl  results.  The  floor  of  the  hootl  is  made  of  metal  which  is  per- 
lorated  over  the  vent-tulw.  The  hood  has  a  collar  on  the  base  which  slips  over 
the  vent-pipe  and  allows  it  to  be  rotated  to  bring  the  open  side  into  any  suitable 
position.  It  may  also  be  lifted  off  entirely,  flush  with  the  desk,  but  in  practice 
it  will  seldom  be  found  necessary  to  do  this.  The  whole  hood  is  covered  with 
aluminium  paint. 

The  materials  composing  the  body  of  the  bench  are  determined  partly  by 
taste  and  partly  by  the  cost.  There  are  certain  woods  that  are  more  suitable 
than  others.  White  pine,  ash,  maple,  or  birch  will  all  give  good  results,  but  oak 
is  too  porous  and  too  liable  to  shrink  unevenly,  while  elm  warps  too  much  and 
is  liable  to  splinter.  The  unexposed  parts  are  preferably  of  white  pir.e,  though 
basswood  is  frequently  used.  The  sUding  sides  of  the  drawers  are  made  of  birch, 
which  is  smooth  and  satiny. 

The  finish  of  the  bench  will  be  in  keeping  with  the  rest  of  the  room  trimmings. 
A  description  of  a  suitable  finish  has  been  already  given  (page  10).  The 
pulls  on  the  drawers  are  preferably  of  wood,  as  metal  is  sure  to  tarnish  rapidly, 
and  the  less  these  pulls  project  the  better.  Any  panelling  should  be  quite  shallow 
and  have  no  projecting  mouldings  to  catch  the  dust. 

The  above  is  the  most  suitable  bench,  but  it  can  be  subjected  to  many  modifica- 
tions to  suit  the  conditions  of  different  schools.  Where  cheapness  or  lack  of 
room  space  is  a  consideration,  it  is  advisable  to  construct  a  Iwnch  twice  as  long 
as  the  one  described,  with  a  single  sink  and  hood  at  the  middle,  so  that  it  .-an 
accommodate  two  pupils.  This  sink  will  serve  to  divide  the  top  into  two  working 
places  for  the  pupils.  The  alberene  top  may  be  replaced  by  one  made  of  wood,  and 
the  numWr  of  drawers  may  be  diminished  in  smaller  schools  where  ther.>  are 
only  two  »r  three  classes  in  chemistry.  The  hoods  on  each  liench  may  be  re,.ln.e<l 
by  several  fume  cupboards  along  the  wall.  While  anv  of  these  c-hanges  niny  !«• 
introduced  to  diminish  the  cost,  in  every  case  the  change  diminishes  the  iwpfujness 
of  the  bench. 
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Thk  Demonjtbation  Bencu 

The  size  and  dtrutturf  of  the  (leiiioiistration  Ik-mkIi  will  (ifpfiid  largely  on 
whether  the  teacher's  exiwriiiieiit«  art  to  be  perloniiwl  iu  a  separate  Jecture-rooiii 
or  in  the  chemical  laboratory.  If  the  former  (ondition  obtaiDs,  the  teacher's 
bench  in  the  chemical  lalwratory  will  reciuire  little  elaboration  and  may  be  fitted 
underneath  with  a  series  of  drawers  in  which  to  kt-ep  supplies  that  are  beiiij;  lon- 
tinually  required  by  the  pupils.  Generally,  demonstrations  will  take  place  in  vliu 
laboratory  itself,  and  a  bench  suitable  for  such  demonstrations  will  be  described 
(Figs.  4a  and  43). 

The  size  of  such  a  bench  will  dejiend  umch  on  the  size  of  the  room.  It  is 
doubtful  if  it  can  k-  made  too  long.  Where  experiments  for  different  classes 
have  to  be  set  up,  a  top  at  least  li  ft.  long  is  recjuired,  and  one  of  twice  that 
length  could  be  utilized  to  advajitage.  There  is  not  much  advantage  iu  having 
It  more  than  3  ft.  wide,  and  even  a  width  of  -ii/o  ft.  will  be  found  sufficient  and 
convenient.  Three  feet  is  the  proper  height.  It  should  never  be  placed  upon  a 
raised  platform,  as  this  brings  the  pupil's  eye  helow  the  level  of  the  top  of  the 
bench,  when  really  the  eye  should  l)e  in  such  a  position  that  it  can  look  down 
upon  the  apparatus  from  above. 

The  structure  of  the  top  is  of  great  importance.  It  should  be  made  of  gtrips 
2  m.  thick,  well  fastened  together  with  waterproof  glue  and  dowelled  as  described 
on  page  10.  Several  iron  bolts  passing  across  all  t'-  strips,  which  can  be  tiglitc-iied 
up  from  time  to  time  by  means  of  a  nut,  will  also  be  valuable  in  [jreventin"  the 
strips  from  becoming  separated.  The  head  of  the  bolt  and  the  nut  should"  not 
project,  but  be  well  sunk  in  the  sides  of  tlit  top.  The  latter  should  [irojcct  over 
the  body  of  the  bench  fully  5  in.  at  the  back,  4  in.  at  the  ends,  and  about  1  in. 
at  the  front.  A  gutter  should  be  cut  out  of  the  under  side  all  around  to  prevent 
the  water  that  drips  down  the  sides  from  running  in  on  the  under  side  of  the  top. 
A  slab  of  alberene  stone  (B)  2\U  ft.  long  by  2  ft.  wide  and  1  in.  thick  should  bo 
sunk  into  the  t<  p,  so  as  to  Ik"  flush  with  its  surface.  This  is  placed  near  the  centre 
of  the  bench,  as  this  will  be  the  part  upon  which  the  most  of  the  demonstrations 
will  actually  take  place.  Where  there  is  any  probabilitv  of  chemicals  being  spilled 
this  slab  must  be  used. 

In  the  bench  represented  by  drawings  in  Figures  IV  uiid  43  another  reopss 
IS  cut  out  from  the  top  to  make  a  mercury  tray.  This  is  only  L.  in  deep  at 
one  end  and  increases  regularly  in  depth  to  1  in.  at  the  other  end!"  Along  this 
end  IS  placed  a  gutter  (H)  increasing  in  depth  toward  the  tubular  outlet"  (J). 
The  tubular  outlet  (0)  is  made  of  glass  or  iron  and  leads  into  »  Ix.ttle  pla.e.l 
on  a  shelf  (R)  below.  This  recess  is  filled  ordinarily  by  a  close-fitting  wooden  cover 
which  has  Its  top  flush  with  the  main  surface.  This  cover  has  two  flush  handles. 
Fig.  43  (E),  by  means  of  which  it  can  be  lifted  in  or  out  of  place.  As  this  .over 
IS  only  Vg  in.  thick  at  one  end,  it  should  be  made  of  three  or  four  plv,  well-fastened 
together  with  waterproof  glue.  If  the  cover  is  made  of  one  thickness  of  wood. 
It  will  soon  warp  and  crack  until  it  becomes  useless.  The  purpose  of  this  shallow 
depression  in  the  top  is  to  prevent  the  loss  of  mercurv  bv  <.pilling  Ml  experi- 
ments, such  a»  the  one  to  prove  Boyle's  law,  in  which  this  expensive  liquid  i. 
used,  are  to  be  performed  over  this  recess,  and  anv  mercurv  that  i-^  dropped  will 
he  directed  by  the  slanting  surfaces  to  the  bottle  beneath.  This  mercurv  trav  mav 
be  omitted  from  a  demonstration  bench  used  for  chemistry  alone,  but  it'is  n  'n-.fnl 
thou-h  not  a  necessary  addition  in  a  bench  that  is  «!s,^  u«ed   for  demon. tr.iti=». 
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work  iu  ph)8iw.  Ite  only  disadvantagea  are  that  dirt  and  water  are  liable  to 
actumulate  in  tlie  tracks  around  tlio  .„ver  unlew  it  liu  very  tight,  in  wl.i.h  caw 
It  may  at  times  bo  difficult  to  remove. 

There  should  be  no  projections  above  the  top  except  the  water-top,  which  is 
close  to  one  end.  Uas-tops  and  handles  will  all  be  flush.  Even  the  water-top 
need  not  project  above,  for  there  is  now  on  the  market  a  top  with  a  hinijed  joint 
of  muh  a  character  that  it  can  he  folded  down  into  the  sink,  an.l  when  the  cover 
IS  placed  on  the  latter  there  is  a  complete  sweep  of  horizontal  surface  on  th* 
whole  bench  top. 

The  main  si„k  (  F)  ( Fig.  43)  should  I*  placed  at  one  end,  preferably  toward 
the  .IcnioiistrHt..,-.  ri-ht  hand  when  facinghis  class.  The  top  (K)  wiU  be  to  the 
ripht  of  the  ..uik.  Thi«  sink  should  be  of  large  size  and  of  the  same  character  as 
those.  „,  the  pupil.  kMiihes.  (See  pages  19  and  20.)  It  should  be  at  least 
10  m  loii^r.  vi  in.  wide,  and  6  in.  dcn-p.  A  sink  of  even  greater  size  would  be 
none  too  large.  The  top  should  have  connections  with  l)oth  hot  and  cold  water 
and  the  neck  should  be  so  higi,  that  the  tollest  bottle  may  be  placed  under  it 
It  IS  an  iuivantasre  to  have  a  top  with  a  secondary 


water  is  splashed  out  over  the  top  of  the  bench. 
Besides  the  main  sink,  it  is  advantogeous,  but  not 
necessary,  to  have  a  very  small  sink  (D)  t(.ward 
the  middle  of  the  bench  in  the  alberene  stone. 
This  sink  would  have  no  top,  and  is  largely  used 
for  (iirryiiiv'  "ff  running  water  which  it  niav  Ih' 
necessary  to  use  in  e.\perimente  for  cooling  liquids 
or  coiidciisiiiir  va;K>ura  that  may  be  given  off.  A 
watjr-pipc  runs  along  parallelwith  the  gas-pipe 
under  the  Im.  k  of  the  bench  and  has  two  taps  (,1 ) 
along  it.  These  should  project  as  little  as  pos- 
sible. They  are  used  for  supplying  ninniiig 
water  for  coiiden-ers,  aspirators,  etc.  .Ml  the 
taps  will  have  small  corrugated  nozzles  over  which 
niliiier  iiil(in;.r  may  be  placed. 

The  iTiis  supply  runs  along  under  the  edge  of 
til  ■  liei..|i  |)rojwting  toward  the  demonstrator 
and  has  taps  uttaehed  to  it  every  two  feet.  These 
taps  pass  up  through  round  opeiiings  in  the  bench 
toj)  and  almost  flush  with  the  surface  of  the  latter. 
The  handle  for  opening  and  closing  the  valve  of 
the  jrns-iiip  is  situated  below  and  must  Ik?  con- 
venient to  reach.  The  nozzles  must  be  tapering 
and  corrugated,  so  that  a  rubber  attachment  can 
be  slipped  over  them  with  case.  If  the  circular 
hole  cut  in  the  bench  top  is  too  small,  much  in- 
convcnieiHo  will  l)e  experienced  in  slipping  rubber 
hibing  over  the  gas-top,  so  the  hole  should  be  at 
lea.'it  2  i!i   in  diameter,  and  Ihc  uf.pcr  edge  should 
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be  bevelled  off.  Au  ai)i!iolutely  oiwential  attachment  is  a  hood  for  taking  off  irritat- 
ing and  bad-smelling  gat**.  This  can  Ije  placed  directly  on  the  Iwmh,  or  it  may  be 
built  aii  a  closet  agaiimt  or  within  the  wall  behind  the  bench,  and  a  sliding  black- 
board may  be  placed  in  front  of  it.  Ordinarily  the  black-board  is  down  in  front 
When  the  draught  closet  is  to  Iw  used,  the  black-lxNird  is  raised  out  of  the  way,  and 
tlie  experiment  is  performed  in  the  closet.  Such  a  demonstration  draught  closet 
should  lie  painted  within  with  a  white  silica  I'aint  and  should  be  lighted  by  electric 
light  from  above.  Such  a  closet  has  been  found  quite  unnecessary  if  the  opening  of 
a  shaft  connected  with  a  powerful  draught  is  placed  on  the  bench  top  itself.  The 
following  arrangement  has  been  found  mo^t  convenient :  In  the  alberene  stone  is  cut 
a  circular  opening  (C,  Fig.  43)  about  8  or  10  in.  in  diameter;  this  is  the  upper  end 
of  a  galvanized  iron  shaft  (U),  as  shown  in  the  iUustration.  This  shaft  is  connected 
with  a  fan,  as  will  be  described  later.  (See  page  86.)  Over  the  top  of  the  opening 
is  placed  a  metai  grating,  which  is  on  a  level  with  the  bottom  of  the  al))erene  stone. 
On  this  grating  is  placed  the  appaittna  from  which  the  fumes  are  to  be  with- 
drawn. When  not  in  use  the  opening  is  closed  by  a  tight-fitting  cover  (O)  flush 
with  the  surface  of  the  stone.  Objection  may  be  made  to  such  an  arrangement 
that  it  will  only  take  away  heavy  gaees,  such  as  chlorine,  which  naturally  sink 
through  the  air,  but  that  the  lighter  ones  will  rise  and  mix  with  the  atmosphere  of 
the  room.  In  practice  it  has  been  found  that  with  a  powerful  drau^t  not  only 
the  heavy  gases  but  also  the  light  ones  are  sucked  through  the  opening,  and  the 
air  in  the  room  is  kept  free  from  all  irritating  and  offensive  odours.  It  is 
quite  possible  to  have  rising  up  above  the  \m\c\\  top  to  a  height  of  about  15  in. 
a  tube  3  in.  in  diameter.  This  tube  turns  till  the  opening  faces  downward,  and 
the  open  end  terminates  in  a  wide  funnel  which  is  placed  directly  above  the  gal- 
vanized iron  shaft  in  the  bench  top  just  described.  This  funnel  can  be  connected 
below  the  bench  top  with  the  same  exit  tube  as  the  opening  in  the  top.  Such  a 
funnel  should  work  on  a  telescopic  joint,  so  that  it  can  be  placed  at  various 
heights  to  make  it  suitable  for  different  experiments,  and  it  should  be  removable 
entirely  from  the  bench  when  not  in  use.  The  opening  of  the  funnel  must  he 
at  least  as  wide  as  the  down-draught  opening  in  the  bench  top. 

There  will  be  terminals  for  using  the  electric  current.  These  terminals 
should  be  suitable  not  only  for  experimental  demonstrations,  but  also  for  con- 
necting up  the  lantern,  as  the  latter  is  used  contiiiurtllv  in  tlic  demonstrntion  work. 
There  should  be  at  least  two  terminals  on  the  bench  :  tlircc  will  W-  still  better.  These 
terminals  should  be  blocks  of  .slate  (Fiji:.  12.  (i,  and  l-'ij:.  i:i.  A)  sunk  in  the  ed  'e 
of  the  bench  top  toward  the  demonstrator.  These  blocks  contain  tiie  terminals. 
which  are  of  the  ordinary  English  type  and  project  out  flush  with  the  edfje  of  the 
top.  Each  of  these  has  its  own  switch  beneath.  .\  very  convenient  terniinal  to  l«ve 
in  addition  to  these  is  a  plug  and  socket:  the  latter  beinsr  attaihed  just  iiinlerneath 
the  top  of  the  bench,  and  the  former  having'  attaciieil  to  it  two  wires  I'luiinjr 
freely.  The  free  ends  of  the  wires  are  attached  to  tlie  a|)paratns  tlirough  wliich 
a  current  is  required,  and  the  plu;r  is  puslied  into  the  siwket  when  a  .(innection  is 
necessary.  The  test  form  of  jilu^'  and  -ocket  t^i  use  for  this  inirpusi'  is  one  in 
which  the  two  slit-liKe  openinjrs  in  the  eml  of  the  ^n-ket  are  at  riirlit  an^iies  to  each 
other,  and  the  metal  terminal-  on  tiie  phisr  are  a-ranire<l  siniilaru  so  that  the 
plug  can  only  be  inserted  in  one  way.  By  alwavs  havinsr  the  insulation  on  the 
two  wires  coloured  differently,  and  by  always  keeping  one  colour  of  insulation  for 
the  positive  wire  and  one  for  the  negative,  the  sign  of  the  terminals  can  always 
be  distingui.shed. 
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The  arrangement  of  the  parU  underneath  the  top  of  the  bwch  i«  a  matter  of 
choue  on  the  part  of  the  teacher.  Each  will  have  to  determine  hi«  raqairementa 
and  distribute  the  ipace  between  drawerg  and  cupboardg  at-cordingly.  A  large 
number  of  small  drawers  will  prove  most  convenient,  but  will  add  greatly  to  the 
cost.  A  smaller  number  of  large  drawers,  some  of  which  have  dividing  partitions, 
will  Ik"  almost  as  useful  and  much  less  expensive.  Three  sets  of  drawers  and  a 
cupboard  at  one  end  have  been  selected  in  the  illustration,  Fij{ure  42.  Under  the 
middle  is  a  recess.  The  drawers  are  of  various  depths,  the  ones  toward  the  bottom 
beiUK  tlie  deepest.  The  drawers  can  be  constructed  with  partitions  of  various 
kinds.  Some  are  pigeon-holed,  the  spaces  being  suitable  for  conUining  small 
objects,  such  as  corks,  binding  post-s,  etc.  Others  have  longitudinal  partitions, 
making  narrow  compartments  to  contain  tubing,  deflagrating  spoons,  etc.  One  set 
of  cuplwards  is  very  essential.  In  it  can  be  placed  all  tall  sUnds  and  other  bulky 
pieces  of  apparatus  which  are  frequently  used. 

The  material  and  finish  is  largely  determined  by  that  of  the  pupils' 
benches  and  other  furniture.  All  that  was  »aid  regarding  them  on  page  !)  applies 
equally  to  this  bench.  The  severe  montony  of  a  plain  front  and  ends  may  be 
overcome  by  a  series  of  vertical  panels,  as  in  Figures  43  and  43,  but  these  should 
be  not  more  than  %  in.  deep  and  with  no  mouldings  to  catch  the  dust.  The  front 
should  be  constructed  in  one  piece  and  fastened  to  the  body  with  screws,  so  that 
It  can  easily  be  removed  in  order  to  expose  the  plumbing.  The  kind  of  finish  has 
btH-n  already  described.  (See  page  10.)  The  top  is  always  finished  in  black  with 
one  of  the  acid-proof  preparations  described  on  page  11.  The  pulls  for  the  drawers 
and  cuplmrds  are  made  preferably  of  wood  of  the  same  kind  as  that  from  which 
the  body  is  made.  While  not  absolutely  necessary,  it  is  advantageous  to  have  the 
drawers  and  cupboard  fitted  with  locks,  as  it  may  be  advisable  to  have  some  of  the 
drawers  L'ontinually  under  lock  and  key.  If  locks  are  added,  they  should  all  be 
of  the  same  kind,  so  that  one  key  will  control  all,  and  this  key  should  be  the  same 
one  that  served  as  a  master-key  for  all  the  pupils'  lot-kers.  In  fact,  the  teacher 
should  aim  to  have  all  the  locks  on  drawers,  cupboards,  etc.,  of  one  or  at  most 
two  kinds,  so  that  all  can  be  unlocked  with  the  minimum  number  of  kevs.  as  it 
18  exceedingly  troublesome  for  the  science  teacher  to  be  compelled  to 'carry  a 
large  bunch  of  keys  and  to  have  to  hunt  out  the  proper  one  for  everv  drawer  or 
door  he  wi.shes  to  open. 


The  REAOE>fT  Cabinets 

III  constructing  this  cabinet  the  chief  aim  is  to  produce  a  piece  of  furniture 
in  which  as  many  bottles  as  possible  can  be  so  placed  that  the  labels  of  all  may  be 
read,  that  each  can  be  removed  with  ease,  and  that  each  occupies  the  minimum 
amount  of  space.  The  least  suitable  of  all  is  a  deep  cupboard  with  a  series  of 
plain  shelves  one  above  the  other.  All  the  depth  except  a  few  inches  is  lost,  for 
bottles,  to  1h>  at  all  convenient,  can  be  arranged  in  only  a  single  row,  and  anv  space 
lyiii!;  iH-hind  them  is  largely  wasted. 

The  reagent  cabinet  illustrated  in  Figures  45  and  4(5  is  both  convenient  and 
compact.  The  dimensions  are  determined  by  th.  number  of  bottles  it  is  necessary 
to  store.  Before  having  one  ooustructed.  the  teacher  should  make  an  estimate  of 
the  number  of  bottles  re(|uired  to  store  the  reagents,  also  the  diflFerent  size*  of 
the  bottles,  and  the  number  of  each  size.  It  is  well  to  have  onlv  a  'ew  sizes,  and 
iho«.  .«ntaining  S.W,..,-.,  .-,on. .,.,  a„d  ?,000,:.,-.  will  be  iovvA  fonveiiient.  Tlie  amount 
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of  ipac-e  required  fur  eaih  kind  Khould  b«  calculated,  and  then  cabineto  ahould  be 
oou«truct«d  in  which  Uie  HlielveM  will  give  thi«  estimated  aciomniodatiun  and  alio 
•How  space  for  the  addition  of  new  reagentit. 

Four  main  iihelves  (B)  run  acroM  the  cabinet.  On  each  of  theae  is  placed  a 
•eriea  of  raisad  shelveH  iiicreaning  in  height  toward  the  back.  Each  thelf  is  just 
wide  enough  to  aecomnuMlate  the  bottlesi  that  are  to  be  pla<'«d  upon  it,  m  that  their 
width  will  Tary  considerably.  In  practice,  it  has  been  found  that  two  or  three 
widths  are  Hufiicient.  The  height  of  each  shelf  will  be  determined  bv  the  height  of 
the  bottle  ihat  is  to  be  placed  in  the  row  in  front  of  it.  It  Hhould  be  of  xiich  a  height 
that  the  bottles  on  the  shelf  in  front  do  not  cover  the  labels  on  the  Imttles  that  are 
on   the  shelf  behind.     It  should  also  Ik-  of  such  a  height  that   the  bottles  can 


Front  Elci^at/o/v  Eno  E^l^vatiom 

Pl».   4B. — Reaeant  cabinet.     C.  Glass   In  door.     D.  Drawer. 

be  taken  out  without  danger  of  knocking  over  those  of  the  row  in 
front  during  the  operation.  The  top  shelves  should  never  be  so  high  that  they 
cannot  be  reached  by  the  teacher  while  standing  on  the  floor,  for  it  is  very  vexa- 
tious to  have  to  get  a  stool  to  stand  upon  in  order  to  take  down  or  replace  a 
reagent  bottle.  The  ."helves  are  so  constructed  that  a  series  of  long,  narrmr 
inclosed  spaces  (A)  lie  belo*  them.  A  door  is  placed  on  the  end  • 
cabinet  so  as  to  make  these  accessible.  They  are  very  convenient  for  holding 
glass  tubing,  burettes,  and  other  long,  narrow  pieces  of  apparatus  th^t  usually 
are  difficult  to  store. 

Beneath  the  shelves  a  row  of  drawers  (D)  is  placed.    These  can  be  used  for  a 
variety  of  purposes.     There  will  always  be  quantities  of  reage'   -   left  over  in 
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K  tol  It  'V^'^/'T'^  '*r  """*•    ^'-"""y  ''•^^  '••^«'  «'-"  inning  f«,m 
lLwS^.^tl    .♦        •"•    '!rV  •''"''  f™"'  '•  «-«»»''«*«^«t  becu«.  the  label.  c.n  be 

2^^J.l  T'-    Ther*  .re  objection.,  however,  to  .  gl«.  front.    L^ht 

deJLl  tS^  ^,     ^"'-'  **••  *'r  *'"  cont.nu.lly  iHH^.me  .t>vereH  with  .  white 
depo.it  that  u  formed  a.  .  reiult  of  the  gradual  leakage  of  Tapour.  from  the 

Sid^To^S  T'  '  .^  ''*^'*'  '•"'•  ""•'"»''*«1'.V.  it  "  '"Jfely  dur  to  ammonium 
chJor.de  formed  from  th..  ac.l  uniting  with  amm.mi,  ga«.    Th,.  bottl.-H  mu]  gla*. 


QccT/o/^ 


KiK.    4«.- 


f'.*?.JJ'"7J.  '■"'•'"'•*      \  Openlngii  underneath   the  ahelvea  acces- 
from    the   .loor   „n    the   end.      ...  Shelf,      r.  Glasx    In    "or. 


fn.„t  Will  Ik.  kept  mu.h  cleaner  if  the  hydrochloric  aci.i  an.l  ammonium  hv.lroxide 
are  cx.u.lc,  from  the  repilar  cabinet.  The  general  con.str.utioM  in  .v.peet  to 
".atcna  .uul  hn..sh  is  similar  to  that  of  the  other  furniture.  All  pulls  and  knob« 
slKjuld  I.,  of  woo,l  or  imrcelain.  The  .helves,  if  constru.tcl  of  w.mkI.  should  Ik- 
hiirshed  With  a  pood  parattin  finish,  accor.lin-  to  instruction.-  sriven  on  page  V> 
The  blaok  acid-proof  finish  is  not  suitable  here,  as  it  is  not  absolutely  aeid-prtK,f" 
While  It  .s  quite  satisfmtor.v  on  a  lK.nch  top.  where  the  corr.^ive  material  i.s  «oon 
wiped  off.  It  IS  not  so  effective  on  a  reagent  shelf,  where  the  liquid  mav  drip  down 
and  lie  in  contact  with  the  wood  for  days  before  it  ie  noticed.  The  best  inaterial 
for  reagent  shelves  is  plate  glars,  where  it*  t^^st  does  not  make  it  prohibitive 
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BmidM  «  nagent  cftbinet,  ont  or  mow  tett  of  thelvM  on  the  wall  are  con- 
venient. TheM  will  contain  the  nagenU  from  which  tlw  pupil*  replenish  tli.' 
reagent  bottles  in  their  own  benchet,  and  alw  thomj  that  are  \minif  continuallv 
UMd  by  the  pupila.  Three  ibelTea  extend  a«  high  u  a  pupil  can  reach  when  the 
hottlea  are  Urge.  The  ehahea  may  be  of  wood  but  arc  preferably  of  plate  glaw. 
The  bottom  one  ii  wide  enough  to  lerre  aa  a  narrow  table.  Thie  servei  aa  a  re- 
cepUde  for  the  pnpik  to  place  their  imall  bottle*  upon  while  they  are  filling  them 
from  the  itock  fupply  on  the  ihelf.  This  bottom  shelf  dhould  be  of  woo<l  or 
alber«ne  itonc  and  nhould  have  a  narrow  iedjre  in  front  «»f  it,  go  that  no  spilled 
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Fl«.   47. — Cabinet   for  chemical  apparatus 

material  will  fall  on  the  floor.  If  thie  shelf  is  built  of  wood,  it  must  be  thoroii?hly 
paraflBned,  because  a  good  deal  of  spilling  of  both  solids  and  liquids  will  take 
place  where  pupils  are  pouring  chemicals  from  one  bottle  into  another.  As  this 
wide  shelf  at  the  Iwttom  is  used,  instead  of  the  demonstration  bench,  for  placing 
all  materials  upon  to  which  pupils  are  to  help  themselves,  the  demonstrator's 
bench  can  thus  be  kept  cleaner  and  more  tidy.  . 

Apparatus  Cabinet 

A  good  deal  of  bulky  materia)  used  in  the  chemical  lahoratorv  has  to  hp  ^iven 
storage  room.  A  year's  supply  of  l)eakers.  flasks,  gjis  jars,  "and  bottles,  are 
purchased  at  one  time,  and  they  must  be  placed  under  lock  and  key.    Some  prefer 
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■bins  and  slu'lves,  but  a  tal)inet  is  usually  found  most  serviceable.  A  cabinet  suit- 
able for  this  purpose  (Figs.  47  and  48)  consists  of  an  upper  part  with  glazed 
doors  and  a  lower,  deeper  part  with  wooden  doors.  In  the  upper  part  will  be 
kept  all  special  apparatus  used  for  demonstration  experiments,  together  with  other 
small  stuff.  Below  will  be  stored  the  supplies  of  bulkiei-  apparatus,  such  as  lK)ttle.s, 
gas  jars,  test-tube  racks,  ett-.    It  will  be  found  convenient  to  have  the  shelves  in  the 
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HoR  I  20/S4TAl_       SeCT-IO/SI 
Fig.    48 —Cabinet    for    chemical    apparatus.     A.  Glass    In    door.     B.   Shelves. 

upper  part  adjustable.  Adjustments  can  be  made  by  small  holes  bored  into  the 
sides  mto  which  metal  st.ulri  lit,  or  by  means  of  a  perforated  metal  .strip  alon.r 
each  corner  into  which  the  metal  studs,  or  brackets,  fit.  The  latter  arrangemen't 
will  give  better  permanent  results.  \\Tietlier  it  is  preferable  to  have  hinged  or 
sliding  doors  will  be  determined  by  the  place  in  which  the  cabinet  is  to  stand,  and 
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to  a  certain  extent  by  its  size.  If  it  is  placed  in  a  narrow  storage  room  where 
there  is  not  much  space  in  front  of  it  for  doors  to  swing,  and  particularly  if  the 
doors  are  long  and  heavy,  then  the  sliding 'door  is  to  l,o  jjrcferrcd.  But  where  the 
Btore-rijom  is  wide,  or  the  cal)inet  is  placed  in  the  lalmratory  where  there  is  sutli- 
cient  sjjace  in  front,  the  doors  can  be  made  light  and  allowed  to  swing  on  hinges. 

The  de|)th  of  the  U])per  part  of  the  labiuet  is  l\U  ft.,  while  that  of  the  lower 
part  is  31/2  ft.  This  leaves  a  ledge  I  ft.  wide  at  the  to])  of  the  lower  ]MTt. 
The  total  height  is  71/2  ft.  Then  tlie  upper  shelf  can  scarcely  l)c  rciiched 
from  the  floor,  and  only  material  seldom  required  will  Ih;  placed  there.  The  wide 
part  is  2Vi>  ft.  high  and  the  narrower  part  is  5  ft.  high. 

Nothing  additional  need  l)a  said  about  the  material  and  finish,  as  Iwth  Mill 
be  similar  to  the  other  furniture  of  the  !alx)ratory  already  described.  (See  page 
9,  where  the  matter  is  fully  discussed.)  The  shelves  are  1  in.  thick,  and  must  be 
supported  every  .5  ft.;  in  order  that  there  may  be  no  sagging.  If  the  doors  are  on 
hinges  they  will  l)e  ly,  ft.  wide,  of  light  weight,  and  with  a  nai'c  of  ginss  as 
large  as  possible  to  throw  a  good  light  to  the  back  of  the  cabinet.    One  fixed  shelf 


F.K.   i'J. — ikuance  shell',  with    u'liized   cases  for   pnitectiiiK   the  lialaiires 

will  i)c  sutHcicnt  in  the  lower  wide  i)art  and  five  ailjiistablc  (Hics  in  the  u])p«T 
part.  It  will  be  found  that  by  living  special  (licccs  of  upparatus  on  hooks  and 
brackets  fastened  into  the  back  and  end^'  of  the  cabinet,  much  shelf  space  can  be 
economized  and  these  pieces  of  api)aratus  will  be  more  easily  found  when  required. 
All  the  doors  will  have  locks  controlkvl  by  one  key,  and  this  key  should  be  capable 
of  opening  all  the  cabinet  doors  in  the  laboratories. 


B.M.AXCI-  SlIKI.F 

Balances  are  undoubtedly  the  most  important  pieces  of  apjjaratus  used  in  the 
chemical  laboratory,  and  great  care  should  be  b(>stowed  n])on  the  selection  of  suit- 
able ones.  They  are  delicate  mechanisms  and  require  great  care,  so  it  is  not 
satisfactory  to  have  them  carried  from  plac(>  to  place.  Fixed  shelves  «bnub1  bo 
provided,  on  which  they  are  kept  permanently,  and  when  pupils  wish  to  make  a 
weighing,  they  should  go  to  the  balance  situated  in  its  fixed  position.  Such  a 
shelf  should  l)e.  (1)  absolutely  firm,  (2)  iwrfcctly  level,  and  (3)  serve  as  a  pro- 
tection for  the  balances  against  corrosive  gases,  draughts,  and  changes  of  tempera- 
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ture.  To  produce  the  finit  two  qualities,  the  shelf  (Figs.  49  and  50)  is  attached 
to  a  solid  wall,  preferably  one  of  solid  brick  which  goes  right  to  the  foundation. 
The  shelf  should  liave  no  connection  whatever  with  the  floor,  as  the  walking  and 
other  disturbances  in  the  laboratory  are  sure  to  cause  vibrations.  To  avoid  cor- 
rosive fumes,  draughts,  and  changes  of  temperature,  the  balances  must  be  kept 
in  glass  covers  with  fronts  that  will  rise  like  a  window  sash.  Some  balances  of 
the  Dutch  pattern  have  the  case  and  balance  immovably  attached.  Usually  it  will 
be  found  more  satisfactory  to  have  the  balance  quite  separate  and  to  have  the 
inclosing  case  attached  to  the  shelf. 

The  shelf  is  attached  to  the  wall  by  heavy  iron  brackets  which  give  it  the 
necessary  rigidity.  These  should  extend  at  least  15  in.  down  the  wall  and  the 
same  distance  under  the  shelf.  The  shelf  ia  18  in.  wide  and  long  enough  to 
allow  2  ft.  for  each  balance.  If  there  are  12  balances — ^which  will  be  the  usual 
numljer — the  .shelf  or  shelves  will  be  34  ft.  in  total  length.  It  should  he  of 
such  a  height  that  the  pupil  when  sitting  on  a  stool  will  have  his  eye  a  little 
below  the  beam  of  the  balance;  28  in.  from  the  floor  to  the  top  of  the  shelf  is 
about  correct.  The  shelf  may  be  made  of  slate,  alberene  stone,  or  wood  covered 
with  plate  glass.  If  of  slate  or  alterene  stone  the  material  should  l)e  thick  enough 
to  allow  the  edges  to  be  raised  i^  in.  This  raised  edge  prevents  weights  from 
being  lost  by  rolling  off  the  ehelf.  If  wood  is  used  it  should  l)e  built  up  of  strips 
in  the  same  way  as  the  laboratory  benches  already  described.  (See  yage  11.)  As 
a  wooden  top  is  to  be  covered  with  glasj,  the  chief  characteristic  of  the  wood 
selected  should  \ie  freedom  from  warping;  white-wood,  pitcii-pine,  or  maple  are 
satisfactory  in  this  respect.  As  the  feet  of  the  balances  are  made  of  brass  and 
terminate  in  sharp  points,  it  is  quite  essential  that  they  do  not  rest  on  wood,  as 
these  points  will  sink  into  it  and  it  will  be  impossible  to  keep  the  balances  level. 
So  the  wooden  top  should  be  covered  with  a  piece  of  English  polished  plate  glass 
V^  in.  thick.  A  shallow  wooden  apron  rises  i/^  in.  above  the  glass  around  the 
margin  of  the  shelf.  (Omitted  in  the  drawing.)  Below  the  shelf,  opposite  each 
balance,  is  placed  a  small  drawer  deep  enough  to  take  the  box  of  weights. 

On  these  shelves  are  placed  the  glass  casos  for  the  protection  of  the  balances. 
Each  balance  may  have  a  case  quite  separate,  or  they  may  all  be  united  into  one 
continuous  case  tjlong  the  whole  shelf.  If  the  former  cou'lition  obtains,  the  cases 
should  have  no  bottom,  so  that  the  balance  will  rest  direcvly  on  the  glass.  The 
case  has  a  wooden  framework  with  the  front,  back,  ends,  :~f\  top  made  of  glass. 
The  front  glass  is  in  a  sash  that  rises  up.  It  may  have  a  wt-ight  fastened  to  it  by  a 
cord  over  a  pulley,  as  shown  in  Figure  50,  or  it  may  be  fastened  by  a  spring 
clip  when  it  is  pushed  up. 

Draught  Closets 

Adequate  means  of  getting  rid  of  the  evil-smelling  gases  produced  in  the 
chemical  laboratory  are  much  too  frequently  omitted  from  even  the  more  recently 
constructed  buildings.  It  is  most  important  that  such  a  condition  of  affairs  should 
not  continue.  Experiments  involving  the  production  of  such  ga.«es  cannot  be 
avoided  if  the  courses  in  chemistry  are  to  be  adequately  taught,  and  there  is  no 
good  reason  why  the  science  pupils,  as  well  as  the  teacher,  should  have  to  bear  the 
irritations  to  the  eyes  &ik1  throat,  the  hendaches,  the  sickness  of  stomach,  as  well 
as  the  permanent  weakening  of  some  of  the  vital  organs  from  these  gases,  when 
they  can  be  avoided  by  projwr  draught  closets  emptied  by  suitable  ventilating  flues. 
Not  only  do  the  pupils  in  the  chemical  ]al)orator\'  suffer,  but  a  small  escape  of  sul- 
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pliuri'tted  liyilrojftn  will  soon  iHJiietrate  every  class-room  in  the  building  and  the 

work  of  tlie  whole  school  will  W'  seriously  disturbed.    There  is  at  least  one  collegiate 

institute  in  tiie  Province  where  an  epidtmic  of  pneumonia  broke  ont  among  the 

students  of  chemistry,  and  tiiu  physician  blamed  it  directly  to  the  escape  of  chlorine 

gas  into  the  room,  which  irritated  and  weakened  the  delicate  lung  tissues. 
Jn    the    description    of    the 

pupils'    benches    already    given, 

full  particulars  will  be  found  re- 
garding the  hoods  placed  on  these 

benches.   These  are  recommended 

as  n^ost  serviceable   for  getting 

rid  of  the  gases.     Then,  too,  the 

pupil  can  reach  one  of  the  hoods 

without    leaving    his    liench,    so 

that  there  will  i)e  no  temptation 

for  him  to  avoid  taking  the  time 

or  trouble  to  go   to  a   common 

draught  closet,  where  it  may  be 

necessary  to  wait  his  turn.   Even 

where  these  individual  hoods  are 

present,  there  should  be  at  least 

one   other    large   draught    closet 

with  a  sink  in  it,  into  which  may 

be  emptied  the  contents  of  flasks 

and  test-tubes  that  contain  the 

refuse  from  whii-h  chlorine,  sul- 
phur dioxidt,  hydrogen  sulphide, 

and    other    offensive    gases   have 

been    generated.      The   sink    in 

this  dotct  is  also  useful  for  wash- 
ing out  gas  generators  and  other 

apparatus    from    which    noxious 

gases  might  esciipe.     For  schools 

where  the  iusfjillation  of  in- 
dividual hoods  is  too  expensive, 
and  also  for  those  already  con 
itructed  where  the  adding  of 
these  conveniences  is  impossible, 
wall  draught  closets  may  be  sub- 
stituted. These  are  most  con- 
venient if  distributed  around  the 
room  so  that  they  are  easily  ac- 
cessil)le  to  all  the  benches.  This 
distribution  requires  so  great  a 
length  of  exit  tlues  that  in  some 
laboratories  the  different  draught  closets  are  placed  side  by  side. 

It  will  be  sutlicient  to  give  detail?.  Fig.  53,  and  ilhistration  (Fi"  51)  of 
a  s-.ngle  one.  The  closet  should  be  no  larger  than  is  absolutely  necessary  for  the 
convenience  of  the  pupik  who  work  at  it,  for  the  less  the  cubical  "capacity 
the  more  frequently  the  air  in  it  is  changed.  It  will  be  constructed  against 
a   wall   and    may    be   pUced   on   a   pair   of   brackets,   so   that   its   floor   stands 


FlK.   51— Draught  closet.     In  this  the  front  con- 
sists  of  two  sashes   like  a  window. 
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FlB.  51. — I>raucht  closet.  A.  Flue.  B.  Wall  to  which  the  closet  Is  attached.  C.  Counter- 
balancing weltht.  D.  Pulley.  E.  Wire  attaching  front  to  weight.  F.  Glass  In  front. 
H.  Gas-tap.  .T.  Slate-  or  alberene-stone  base.  K.  Valve  of  gas-tap.  N.  Iron  bracket. 
IV  Gap-pipe.     R.  Upright  supports. 
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at  the  same  height  u  the  working  top  of  the  pupil's  bench,  nMnely.  3  ft    A 
Muall  one  will  be  2  ft.  long,  1%  ft  deep,  and  •  little  over  2  ft  Ugh.      t£ 
»ide«    front  and  top  are  of  glass  in  order  to  give  as  much  light  a.  possible. 
If    tli<>    cupboard    18    constructed    within    the    thickness    of    the    wall     then 
of  course,  only  the  front  tan  1«  compoml  of  ghiss,  and  the  whole  interior  aBoold 
be  made  white  with  silica  paint.    The  whole  of  the  front  should  be  constructed  of  a 
movable  8a><h  properly  weighted  with  counterbalancing  weights,  Figure  62  (C)   This 
front  sash  Hhould  be  capable  of  rising  2  ft,  so  that  an  iron  stand  can  be  eaaily 
placitl  within.     The  two  outer  corners  should  project  upward  21/,  to  3  ft.  above 
the  top  to  form  guides  (K)  for  the  sash  to  run  in  when  it  is  elevated;  these  guide, 
are  sometimes  hollow  in  order  that  they  may  contain  the  counterbalancing  weights, 
but  It  IS  much  more  satisfactory  to  have  the  weights  .-ispended,  as  in  tJ-  illustra- 
tion.   Ordinary  sash-cord  is  unsuitable  for  draught  closete,  as  the  gases  soon  weaken 
It  by  thoir  chemical  action.    A  wire  cord  or  a  chain  is  more  satisfactory.    A  stronir 
piece  of  catgut  is  used  with  satisfaction  in  some  laboratories.    Indeed  the  weighte 
may  be  entirely  abandoned,  provided  a  suitable  catch  is  used.    This  catch  should 
be  made  of  some  hard  wood  and  should  be  well  soaked  in  paraffin;  it  should  also 
work  in  a  hardwood  rack.    When  a  counterweight  is  used,  it  may  be  arranged  in 
a  similar  manner  to  those  described  and  illustrated  already  under  baknce  oases 
(Figs.  49  and  50.)     The  top  of  the  cuphoard  should  not  be  flat,  but  should  slop^ 
upward  from  front  to  back   and  also  from  each  side,  so  that  aU  gases  will  be 
rtirwted  toward  the  fume  flue  situated  at  the  top  toward  the  back.    The  panes  of 
jrlass  are  placed  as  close  as  possible  to  the  inner  side  of  the  framework,  and  the 
angles  of  tlie  frame  are  bevelled  off.    This  is  particularlv  important  in  the  sliding 
front  sash     When  it  is  raised,  a  narrow  slit  will  lie  left  between  the  inner  side 
of    tlie    glass    and    the    roof,    and    this    provides    a    means    of    exit    for    the 
.irascs    into    the    laboratory.      If   tlie    -lass    is    put    in    the    frame    close    to    the 
'"»cr    side,    this    slit    will    be    narrowed.      A    rubber    flap    should    be    pUced 
along    the    front    of    the    roof,    pressing    against    this    front    frame,    so    that 
when  the  saeh  is  raised  this  flap  will  touch    the  glass  and  close  this  e^ace; 
otherwise,   there  is  likely  to  be  much  leakage  into  the  room  when  the    sash 
IS    raised    at    the    bottom,    as    it    usually  4s    during   an    experiment      If    the 
closet  IS  built  in  the  wall  this  dii^culty  will  be  overtjome.       No  metal  pulls 
should  bo  attached  to  the  sliding  front  but  knobs  of  wood  or  porcelain  must  be 
used.    The  floor  of  this  closet  should  be  constructed  to  resist  all  chemicals,  for  not 
merely  the  corroding  fumes  must  be  withstood,  but  also  the  chemicals  spilled,  and 
there  will  be  more  spilling  here  than  on  the  benches,  as  pupils  are  working  in 
cramped    quarters.     Albci-ene  stone   is   undoubtedly  the   best  base,   but   slat^   is 
satisfactory  also.    If  wood  is  used,  it  should  lie  thoroughlv  seasoned  and  finished 
with  paraffin  or  acid-pniof  paint      (Page   11).     No  gas  or  water-pipes  should 
enter  the  closet;  these  should  all  terminate  at  the  front  of  it  on  a  level  with  the 
floor  of  the  closet  (Fisr.  .52).  and.  when  recmiied.  rubber  tubin?  should  connect 
them  with  the  closet    If  the  gas-taps  project  into  the  closet,  as  in  the  illustration, 
Figure  ."iS.  then  the  lever  valve  should  1m'  located  at  the  front  and  on  a  level  with  its 
floors,  so  that  the  gas  can  be  regulated  with  ease  from  the  outside.     For  a  large 
closet  .several  gas-taps  are  required,  the  numlier  depending  on  the  nuntber  of  pupils 
who  rtM|Uiif  l<>  use  the  closet  at  one  time.    Special  Bunsen  burners  made  of  porcelain 
may  be  used,  as  they  are  particularly  suitable  for  drau<rht  closets,  withstanding 
the  corroding  gases  well.    As  has  been  stated,  the  flue  is  attached  at  the  top  and 
back  of  the  closet    The  size  of  the  flue  will  depend  on  the  size  of  the  closet  but 
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it  u  better  to  h»ve  it  too  Urge  than  too  «mall.  In  the  course  of  the  Sue  there 
should  be  no  sharp  turns.  Some  recommend  a  second  exit  near  the  bottom  to 
carry  off  the  lieavy  gases  that  settle  downward.  Tlicre  is  some  !<lij{lit  advantage  in 
such  an  arrangemenl,  but  if  there  is  a  good  draugiit  a  second  outlet  is  not  required; 
and  such  an  outlet  near  the  bottom  will  always  Imj  troublesome  where  it  is  necessary 
to  u-m  burners,  as  the  flames  of  them  will  be  deflected  toward  the  outlet.  Moistur.- 
may  tend  to  collect  on  the  sloping  roof  of  the  chamber,  and  it  will  run  down  the 
sloping  sides  unless  a  small  trough  around  the  base  of  the  roof  drains  it  into  a 
vessel  provi.k-d  for  the  purpose.  Figure  .M  shows  a  draught  closet  somewhat 
different  from  the  one  described.  Only  the  lower  part  of  the  front  is  movable,  the 
water  and  gas-taps  are  all  plac-ed  outside  the  closet  at  the  front,  and  there  is  a 
sink  within.  This  has  two  exit  flues,  a  square  one  at  the  top  and  a  round  one  at 
the  bottom. 

The  flues  mav  be  made  of  various  materials,  but  a  good  deal  of  care  should 
be  taken  in  their"  selection,  as  the  fumes  passing  through  will  be  in  continuous 
contact  with  th.-ir  surface,  (iiazed  earthenware  pipes  are  used  in  the  very  best 
laboratories,  but  these  will  always  be  confined  to  a  very  few  schools  on  account  of 
their  expense.  (Jalvanized  iron  or  copper  pipes  serve  the  purpi^^c  v.tv  well,  but  the 
inside  of  these  should  be  covered  with  some  resistant  material,  such  as  pitch  or  a 
chemical-proof  paint*  The  flues  should  be  connected  to  a  main  flue,  and  the  cross- 
section  of  the  main  one  increases  as  it  passes  along,  so  that  its  cross-section  is 
always  equal  to  that  of  all  the  ducte  emptying  into  it  up  to  that  point.  These 
flues  should  not  run  under  the  floor  but  along  the  ceiling  of  the  room  below  the 
chemical  laboratory,  .so  that  all  parts  will  be  exposed  and  accessible. 

A  draught  closet  without  a  special  forced  draught  for  exhausting  it  is  a  very 
poor  affair  indeed.  If  the  Hue  runs  merelj  into  a  chimney,  the  probability  as  that 
it  will  seldom  or  never  work  efficiently.  The  exhaust,  even  in  winter  when  the 
furnaces  are  lighted,  will  not  l)e  rapid  enough  to  keep  the  lalioratory  from  becoming 
polluted,  and  in  summer,  when  there  is  no  draught  due  to  fires,  the  current 
of  air  is  as  likely  to  move  down  as  up.  Such  a  tapping  of  the  chimney  is  also  sure 
to  interfere  with  the  proper  draught  of  the  furnace  below.  A  draught  caused  by  a 
gas-jet  at  the  entrance  to  the  flue  is  better,  but  it  is  not  at  all  satisfactory  unless 
the  gaa-flame  is  so  powerful  as  to  make  it  expensive.  The  only  suitable  exhaust 
is  that  produced  by  a  powerful  fan  run  by  a  water  or  electric  motor.  This  should 
be  quite  independent  of  the  general  ventilating  system  of  the  school.  Such  a  fan 
must  be  of  adequate  size.  The  cubical  contents  of  all  the  hoods  and  draught 
closets  should  lie  calculated,  and  a  fan  and  motor  should  l)e  selected  that  will 
exhaust  this  volume  of  air  at  least  three  times  every  minute.  The  noise  of  the 
fan  and  motor  may  be  transmitted  along  the  metal  flues  to  the  laboratory  and  be 
an  unpleasant  disturbance.  This  may  he  largely  eliminated  by  breaking  the  con- 
tinuity of  the  metal  piping  by  cutting  out  a  few  inches  of  the  latter  and  replacing 
it  by  "a  canvas  sleeve.  The  motor  itself  should  be  placed  on  a  felt  pad,  and  this 
will  also  assist  in  diminishing  the  transmission  of  the  noise. 

Some  makeshift  substitutes  for  a  draught  closet  have  been  described  in  books. 
One  such  makeshift  is  a  sort  of  box  that  can  be  placed  in  an  open  window  so  that 
the  sash  fits  down  on  it,  but  it  is  difficult  to  see  what  advantage  it  has  over  simply 
placing  the  apparatus  outside  of  the  window  on  a  flat  sill;  and  let  it  be  again 
stated,  that  a  wide,  horizontal  window-fiill  is  an  eviellent  arrangement  for  the 
chemical  laboratory. 
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In  \uing  tlie  draught  tloik-U  it  must  ulwa>H  lie  rememlwred  that  a  gu  can  only 
puM  freely  out  of  a  ihamU'r  through  a  Hue  when  there  is  an  opening  by  which  air 
tun  freely  paxM  in  to  take  lU  place.  Whenever  the  draught  eloaet  i«  being  used  it 
will  prohal'ly  be  of  advanUge  to  leave  the  front  Nash  up  so  that  there  will  be  a 
narrow  slit  Ix'low  along  which  air  may  enter  the  chamber. 

Kven  with  the  best  of  draught  closets  the  «ucee«  with  which  the  chemical 
latwratory  is  kept  free  from  evil-smellin>{  gases  will  depend  on  the  disciplinary 
powers  of  the  teacher.  Fron>  the  lirst  day  that  pupils  enter  the  lalwratory  they 
must  b-  trained  to  work  close  to  the  hoods  on  all  occasions  when  gnses  are  bcini 
generated,  or  to  i-erform  their  work  in  the  draujjht  closets.  ,s  the  case  may  b«. 
ir  iMTMiittc.l.  II  careless  pupil  will  let  tiie  nsun  licc.'iic  llllcd  with  rimics.  c\cm  if  he 
lia>  a  liooil  ut  his  elbow. 

The  Bl.*mt  Lamp  Table 

Most  of  onr  secondary  scIkkiIs  arc  without  a  ;ia§  supply.  While  in  this  Educa- 
Iwiial  ramphl,!  we  have  always  reconiniended  private  j;as  plants  where  acetylene  or 
pisolene  is  used,  it  is  imrbalile  that  u  ;rood  many  schools  will  still  adhere  con.serva- 
ti>;'ly  to  the  aiiticjuatcd.  in.'llicient  alcohol  lamps.  The  lalmratories  that  have  no  gas 
siipply.  and  all  lal«)rafories,  to  some  extent,  reipiire  several  powerful  lamps  for  pro- 
diicinjr  intense  hrat  for  glass-blowing'  as  well  as  for  manv  chemical  expi-riments. 
These  lamps  may  l,e  used  on  the  pupil's  or  teacher's  benehce,  but  it  is  advantageous 
to  have  a  sp.Minl  IkmicIi  for  them,  where  the  pupils  mav  come  when  thev  desire  to 
use  the  blast  lamp.     If  the  lamps  used  burn  alcohol,  kerosene,  or  ^'asolene.  no  <on- 

'"'"""•*  "■'"■'■ ''•«"^'''t  will  lie  required,  but  where  gas  of  anv  kind  is  used,  some 

nietho.l  of  producing  a  steady  blast  of  air  will  1m>  necessarv.  The  most  common 
method  of  producing  this  is  by  means  of  a  foot  bellows.  The  main  objection  to  the 
foot  licllows  IS  that  the  pumping  takes  so  much  effort  that  it  distracts  the  attention 
from  the  manipulation  that  is  necessary  to  blow  the  glass,  or  whatever  the  process 
may  be.  A  cheap  and  satisfactory  substitute  for  the  foot  liellows  is  a  water  blast, 
which  runs  by  means  of  the  water  pressure  in  the  water-works  pipes.  All  that  is 
necessary  is  to  turn  on  the  tap  and  let  the  water  run.  and  a  blast  of  air  strong 
enough  to  run  any  lamp  is  produced.  Water  blasts  are  now  produced  powerful 
enough  to  run  three  lamps  at  once.  This  piece  of  apparatus  will  be  described 
more  fully  m  discussing  the  lecture-room  (page  140). 

The  blast  lamp  table  may  be  constructed  in  a  verv  simple  manner.  Its  size 
and  shape  will  depend  on  the  number  who  will  require"  to  ue  it  at  one  time,  and 
It  will  be  partly  determined  by  the  amount  of  space  that  can  be  given  up  to  it. '  The 
main  consideration  is  the  composition  of  the  top.  If  possible  Ms  should  be  made 
of  stone.  Either  alberene  stone  or  slate  will  give  ver\'  satisfactory  results  Plate 
glass  and  wood  are  entirely  unsuitable,  for  the  intense  heat  is  almost  sure  to  crack 
the  former,  and  the  heated  glass  and  metal  coming  in  contact  with  the  latter 
will  soon  deface  it.  If  a  wooden  top  is  used  it  should  be  covered  with  sheet  lead. 
The  lead  should  be  dressed  over  a  fillet  which  stands  up  slightly  all  around  the 
edge  of  the  bench  top.  This  prevents  o*)jects  from  falling  on  the  "floor.  Zinc  may 
replace  lead  on  the  bench  top.  But  both  these  tops  are  much  inferior  to  the  ones 
made  of  stone.  The  metal  coverin?.  under  the  different  changes  of  heat,  is  sure 
to  rise  up  in  places  on  the  bench  top.  Asbestos-covered  tops  are  occasionally  used, 
but  they  are  far  from  satisfactory,  for  any  material  spilled  soaks  in  and  cannot 
be  got  rid  of,  and  the  asbestos  becomes  rough  and  soon  wears  through.    As  pupils 
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BS— Keyboard   for  chemical   laboratory.     A.  Wall   to  which   keyboard   Is   attachr.1 
lla=5  au»f.     C.  Itooh  on  which  a  key  I»  hung.     D.  Qlaaa  In  front.     K    joint  post  acBi»«i 
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generally  sUiid  whilo  working  at  ^uih  •  table,  the  huij^ht  should  be  3  ft.  A  con- 
veuient  width  is  i  (t.,  if  all  work  on  one  nidp,  or  4  ft.  if  they  work  on  both  tide*. 
At  niui'h  gait  may  be  u»e«l,  a  large  main  nhouid  li>ad  directly  to  the  b4>nch. 

The  KKYBoAKn 

ill  the  chemical  lalturutory  it  ii«  «bHoliit4*ly  csM'iitial  that  each  pupil  xhould 
have  hi4  own  locker,  and  thia  must  Im  furiii»hed  with  a  lock  that  can  be  opened  only 
by  his  key  and  by  the  inaitter-kcy  carried  liy  the  teacher.  These  keys  muut  alwayi 
be  bought  in  duplicate,  so  that  if  the  pupilV  i*  loot,  a  iluplicat*'  can  lie  made. 
It  lA  never  safe  to  let  him  have  the  duplicate,  as,  if  it  is  lost,  it  may  prove  a  nutter 
of  great  difficulty  to  get  it  replaced.  There  are  various  ways  of  managing  the 
pupils'  keys.  Kach  pupil  may  lie  given  the  key  and  Hllowetl  to  carry  it  with 
him;  if  it  is  loot,  he  must  replace  it.  To  such  an  arrangement  as  this  there  are 
some  objections.  Many  keys  are  lost,  it  may  be  a  week  or  more  before  substitutes 
can  be  made,  and  during  this  time  the  teacher  has  to  lock  and  unlock  the  drawers 
with  his  master-key.  Then  there  is  the  bother  of  continually  getting  new  keys 
made  and  collecting  the  money  for  them.  The  greatest  objection  to  this  method 
is  the  fact  that  pupils  will  continually  forget  their  keyx,  especially  the  girU,  who 
have  no  pockets;  the  imposition  of  fines  will  not  prevent  this.  Moreover,  the 
pupils  often  leave  the  school  and  town,  cnrrying  the  keys  away  with  them. 
The  more  satisfactory  method  is  to  have  an  inclosed  keylward*  with  compartments 
for  each  class,  as  illustrated  in  Figure  53.  Kach  compartment  has  a 
separate  glass  front  (B)  that  can  be  closed  and  locked.  Kvery  locker  in  the  room 
will  have  a  nunil)cr  placed  on  it,  and  there  will  be  a  peg  (C)  with  a  correxponding 
numit>er  on  the  keyboard.  The  keyboard  will  be  placed  near  the  door,  and  as  a 
class  enters,  their  compartment  will  be  opened  and  each  pupil  takes  oil  his  key  as  he 
passes  to  his  bench.  At  the  end  of  the  clas-s  period,  the  keys  are  returned  and  the 
teacher  locks  the  board,  seeing  at  a  glance  that  all  the  kcya  have  been  returned. 
The  illustrations  will  show  the  details  of  \U  structure.  It  should  be  very  shallow, 
the  whole  thickness  not  being  more  than  3  in.  The  key  pegs  (C)  are  Ordinary 
right-angled  brass  screw  hooks.  The  knobs  of  each  door  are  of  porcelaiil^  and  all 
the  compartments  are  opened  by  the  same  key.  The  illustration  shows  one  com- 
posed of  six  compartments,  which  would  be  used  for  a  school  where  there  are  six 
diflferent  classes  in  chemistry. 


ARRANQCMENT  OF  FURNITURE  IN  THE  LABORATORY 

The  position  of  each  piece  of  furniture  in  the  room  is  a  matter  of  vital  im- 
portance. Every  pupil  should  be  placed  where  he  will  have  the  best  light  pos- 
sible and  where  he  will  have  the  maximum  amount  of  free  rpace  and  not  be  in- 
terfered with  by  adjoining  pupils.  The  cabinets,  draught  closets,  etc.,  should 
be  put  in  those  positions  in  the  room  where  they  will  be  most  P<!ce68ib1e  to  the 
pupils  and  the  teacher.  If  the  room  is  to  be  used  also  for  demonstration  and 
teaching,  the  arrangement  of  the  benches  should  be  such  as  to  make  the  room  con- 
venient CO  both  teacher  and  pupils  for  that  purpose.  No  one  definite  arrangement 
can  be  given  as  best  for  all  laboratories,  na  so  much  depend.i  on  the  sisie  and  posi- 
tion of  the  room,  the  character  of  the  furniture,  and  the  number  and  position  of 
auxUiary  rooms. 

Some  laboratories  have  the  pupils'  benches  on  different  levels,  the  platforms 
increasing  in  height  as  they  recede  from  the  teacher's  bench.    This  is  not  to  be 
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recoromcmleU  even  where  all  the  demonslMtion  it  carried  on  in  the  room.  Such 
tn  •rringenient  make*  it  too  awkward  for  both  pupila  and  teacher  to  move  about 
the  room,  and  interfere*  iwrioiwly  wilii  the  utilization  of  the  walU  for  storage.  It 
if  better  to  Itave  the  whole  floor  on  one  levt-l,  thi-rc  bt-iiix  .i.>  iilatforni  for  the 
bencheM  of  eithur  pupil*  or  teacher. 

Figure  64  givei  a  floor  pUr»  of  a  well-arranged  and  commodioui  chemical 
laboratory.  The  main  room  i»  3'J  ft.  by  sj*  ft.,  and  two  auxiliary  rooma  are  »- 
•pectively  14  ft.  by  'J  ft.,  and  SV-i  ft-  l>y  «  ft.  in  size.  The  room  will  be  conaidered 
to  run  north  and  iwuth  with  the  windowi  on  the  weet.  It  will  be  noticed  that  the 
whole  west  wall  i»  as  lompletely  occupied  by  windowa  at  the  structural  require- 
nicnU  will  admit.  Kach  window  i*  about  4  ft.  wide  and  goes  right  to  the  ceil- 
ing. Such  an  arrangement  gives  ude<iuate  lighting ;  one  seldom  nees  a  laboratory 
in  which  the  lighting  is  as  good  as  it  might  be  if  the  windows  wire  built  pro- 
perly. The  window-sill  is  hori/onUl  and  fully  a  foot  wide,  so  as  to  give  a  shelf 
on  which  apparatus  may  be  placwl  to  cool  or  on  which  a  generating  flask  is  pUoed 
to  exhaust  itself  because  it  is  obnoxious  or  dangerous  in  the  room.  The  partition 
between  the  balance-room  and  the  main  lalwratory  is  composed  largely  of  trana- 
parent  glass,  so  that  the  teacher  has  a  fuU  view  of  the  pupils  in  this  room.  The 
partitions  on  each  side  of  the  hall  between  the  balance-room  and  the  store-room 
are  of  glass  also,  the  one  on  the  balame-room  side  being  transparent,  the  Oi.ti  on 
the  8tor»-roora  side  Iwing  translucent.  The  glass  of  these  latter  two  partition* 
should  extend  quite  m  the  top,  in  order  that  the  8tore-room  may  get  as  much  light 

as  possible.  ,     ,      ^      j  * 

The  pupils'  benches  are  so  arranged  as  to  have  them  face  the  front  and  to 
have  the  light  come  from  the  left.  This  should  always  be  the  arrangement.  The 
aisles  are  usually  i  ft.  wide,  the  one  next  the  windows,  however,  being  1  ft.  wider, 
while  the  one  on  the  side  next  the  hall  is  5  ft.  in  width ;  this  is  quite  wide,  because 
the  side  shelve.,  which  are  placed  along  here,  extend  out  1  ft.  or  more.  Between 
each  2  benches  from  front  to  rear  is  a  space  of  3  ft. ;  this  gives  sufficient  room  for 
the  teacher  to  move  freely  about  the  room. 

The  teacher's  demonstration  Ik  ich  runs  right  across  the  front  of  the  room, 
and  one  end  of  it  might  readily  be  utilized  for  blow-pipe  work.  The  back  of  it  ia 
3  ft.  out  from  the  wall.  Thi^  wall  has  a  black-board  that  can  be  raised  or  lowered, 
which  extends  along  In-hind  the  bench.  It  should  be  at  least  6  or  8  ft.  wide,  and 
the  bottom  of  it  should,  in  its  lowest  position,  extend  nearly  to  the  floor,  so  that  the 
top  is  just  at  the  right  height  for  writing  on.  At  its  highest  position  the  bottom 
should  be  at  least  6  ft.  above  the  floor.  Such  a  black-board  may  be  constructed  of 
slate  or  of  ground  glass  backed  with  som-!  black  material ;  the  former  will  probably 
be  found  the  more  satisfactory  material,  in  the  partition  behind  the  demonstration 
l)ench  is  a  draught  closet  in  which  demonstration  experiments  may  be  performed. 
The  main  reagent  cabinets  are  placed  in  the  two  corners  next  the  demonstration 
bench;  the  side  shelves  are  located  along  the  inner  wall.  The  keyboard  is  just 
inside  the  entrance  door.  A  lantern  screen  is  placed  on  a  roller  above  the  black- 
board and  a  lantern  shelf  is  placed  in  line  with  it  at  the  back  of  the  room.  This 
shelf  can  be  folded  up  against  the  wall  when  not  in  use.  The  lantern  should  be 
left  on  it  onlv  when  actually  in  ii«o,  as  it  would  he  injurious  to  it  to  leave  it  in 
the  chemical  laboratory  for  any  length  of  time.  Along  the  outer  wall  between  the 
windows  arc  placed  the  three  shelves  for  jars  of  distilled  water.  The  balance-room 
is  well  lisrhted  and  i.s  not  entered  directly  from  the  laboratory  but  through  a  hall 
passing  from  the  chemical  to  the  physical  laboratory.     Situated  in  this  position,  it 
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can  be  utilized  by  classes  in  both  physics  and  chemistry.  The  balance  shelves  are 
arranged  along  each  side  so  as  to  give  each  pupil  a  little  more  than  two  feet  of 
space.  The  store-room  is  placed  just  across  the  hall  from  it  and  is  convenient  for 
both  tlie  physical  and  the  chemical  lalwratories.  It  has  its  cabinets,  shelves,  and 
binfi  arranged  alon<j:  the  walls. 

The  walls  of  the  laboratory  should  l)e  finished  in  a  light  grayish-green  colour 
and  the  ceiling  in  white.  No  lead  paints  should  be  used  in  any  part  of  this  labora- 
tory. All  thr  fras,  water,  drainage,  and  other  conduits  should  pass  through  the 
floor  and  just  below  the  ceiling  of  the  room  below.  The  practice  of  placing  pipes 
under  the  floor  is  not  to  be  recommended  in  connection  with  laboratories,  as  they 
are  too  difficult  to  get  at  for  repairs. 

There  may  be  a  good  deal  of  elasticity  about  the  above  arrangement  without 
disturbing  the  esontials;  by  diminishing  the  size  of  the  aisles  the  21  benches  can 
be  placed  in  a  smaller  room ;  some  of  the  furniture  may  be  entirely  omitted. 

No  draught  closets  have  been  placed  about  the  room.  It  has  been  assumed 
that  each  pupil's  bench  has  a  hood,  and,  of  course,  then  they  are  not  necessary. 
If  no  hoods  are  on  the  pupil's  iienches.  then  several  of  these  draujrht  closets  must 
be  placed  in  the  room.    Figure  36  will  suggest  good  positions  for  tliem. 

The  balance-room  has  been  placed  between  the  physical  and  the  chemical 
laboratory,  for  in  this  position  the  same  balances  can  be  used  in  borth.  A  hall 
passes  from  one  laboratory  to  the  other  and,  the  balance-room  being  entered  from 
this  hall,  pupils  can  work  in  it  from  eithei"  laboratory  without  disturbing  classes 
in  the  other.  The  partition  between  it  and  the  chemical  laboratory  is  made  of 
transparent  glass,  and  this  should  come  down  quite  low,  so  that  the  teacher  in 
the  laboratory  has  an  unobstructed  view  of  the  pupils  while  they  are  using  the 
balances.  The  lighting  in  the  balance-room  should  be  particularly  bright  and, 
therefore,  two  large  windows  are  placed  in  the  end.  If  it  is  located  on  the  top 
flat,  a  large  skylight  would  greatly  supplement  the  side  light.  It  will  be  noticed 
that  the  balance-room  is  not  entered  directly  from  the  chemical  laboratory  but 
from  the  hall.  This  is  a  rather  important  arrangement,  for  fumes  are  liable  to 
be  carried  into  the  balance-room  through  tlie  door  when  the  opening  is  direct. 

The  store-room  is  situated  between  the  physical  and  chemical  laboratories  also. 
This  is  an  obvious  advantage,  as  many  of  the  pieces  of  glassware  are  used  in  both. 
As  it  has  no  windows,  the  whole  end  partitions  of  both  it  and  the  balance  room  are 
of  translucent  glass.  This  glass  should  extend  right  to  the  ceiling,  and  the  doors 
should  be  made  largely  of  glass  also.  This  produces  a  fair  amount  of  light  for 
this  room.  The  storage  cabinets  already  described  (pase  TO.  Fig.  47  and  48)  are 
arranged  along  the  side.«.  A  table  down  the  middle,  on  which  apparatus  may  be 
placed  temporarily,  will  complete  the  equipment.  If  there  is  no  preparation  room, 
a  sink  with  a  draining-bonrd  will  be  useful  in  this  loom  if  a  place  can  be  found 
for  it. 


CHAFrER  V 

PHYSICAL  LABOKATORY 

SITUATION 

A  LABOHATOBY  suitable  for  both  physics  and  chemistry  has  already  been  described 
m  Chapter  III.  Here  it  is  intended  to  describe  the  furniture  and  its  arrange- 
ment in  a  laboratory  used  exclusively  for  the  teaching  of  phvsics,  it  being  assumed 
labor  t     ^  '^  "'"*  equipped  with  a  chemical   and,  perhaps,  with  a  biological 

The  room  itself  will  \ye  situated  adjoining  the  other  science  rooms.  Where 
the  school  has  a  chenucal  laboratory  also,  it  is  well  to  place  the  physical  laboratory 
on  one  side  of  the  store-room  and  balance-room,  and  the  chemical  lalwratory  on 
the  other  side,  so  that  the  balances  and  apparatus  will  be  convenient  for  use  in 
both  laboratories. 

The  room  should  be  quite  lofty— not  less  than  fourteen  feet  high— and  should 
be  situated  in  a  part  as  free  from  vibration  as  possible,  also  in  a  position  free  from 
magnetic  influences.  It  should  never  be  situated  near  a  boiler  nor  near  a  dynamo 
or  motor,  and  must  be  kept  well  away  from  the  ventilating  fans.  Under  no  cir- 
cumstances should  it  be  placed  in  the  basement.  The  lighting  is  certain  to  be  de- 
fective, and  more  objectionable  still,  the  dampness  of  the  spring  and  summer  is 
certain  to  l)e  ruinous  to  the  apparatus  and  furniture. 


LIGHTING 

The  lighting  should  be  as  perfect  as  possible.  Large  windows  rcachincr  nearly 
to  the  top  of  the  room  and  as  clor..  together  as  possible  should  occupy  one  wall. 
Overhead  lighting  by  means  of  skylights  will  be  an  advantage  and,  when  this  is 
obtained,  the  side  windows  do  not  require  to  be  so  large  or  numerous,  though  there 
IS  no  danger  of  admitting  too  much  light.  The  windows  must  all  be  adapted  for 
closing  with  dark  blin.is.  as  for  many  experiments  in  phvsics  a  darkened  room  is 
necessary.     These  dark  blinds  will  be  fullv  described  later  (pa^e  132) 

The  character  and  finish  of  the  walls  and  floor  will  }«■  similar  to  tha^e  of  the 
other  laboratories  which  are  discussed  on  page  5. 

FURNITURE 

The  furniture  necessary  for  equipping  the  physical  laboratorv  is  quite  simple. 
The  most  essential  pieces  are  the  working  lienches  for  the  pupils.' A  demonstration 
bench  for  the  use  of  the  teacher  will  be  necessary  where  a  lecture-room  is  not  at- 
tached, and  even  where  there  is  such  a  room  some  kind  of  bench  is  necessary  on 
which  apparatus  and  reagents  may  be  placed  for  the  use  of  pupils  in  performing 
their  experiment.^.  Storage  cabinets  will  be  placed  either  in  the  laboratory  itself 
or  m  a  store-room.  A  number  of  shelves  with  boxes  in  which  sets  of  apparatus 
are  placed  is  a  great  convenience,  for  the  boxes  are  the  means  of  saving  much  time 
in  the  distnbut.i!g  and  .o] lectin;;-  of  apparatus  used  for  pupils'  experimente.  Sinks 
are  not  necessary  on  each  working  bench,  but  a  number  should  be  provided  for 
washing  glassware  and  for  other  purposes.     Boards  attached  along  one  wall   at 
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different  heights  are  invaluable  for  the  insertion  of  hooks  and  pegs  and  for  the 
suspension  of  apparatus. 

Where  sets  of  balances  are  used  for  physics  alone,  some  balance  shelves  will  be 
necessary  and  may  well  be  placed  in  the  room  itself.  These  pieces  of  furniture  will 
be  described  individually,  and  then  their  arrangement  in  the  laboratory  will  be 
more  fully  discussed. 

The  Pupil's  Bench 

This  is  the  most  Important  piece  of  furniture,  and  great  care  should  be  ex- 
ercised in  selecting  one  that  will  be  as  suitable  as  possible  for  all  the  varied  uses 
to  which  it  is  put.    The  chemistry  bench   already  described,  would  not  be  suitable 
for  the  work  in  physics.    The  raised  edge  passing  around  three  sides  of  the  margin 
of  the  top  would  be  continually  in  the  way,  as  would  the  upright  rods  for  retort 
rings.    The  sink  holes  would  also  be  in  the  way.    The  amount  of  bench  top  re- 
quired for  the  performance  of  an  experiment  in  physics  varies  much  more  widely 
than  it  does  for  practical  work  in  chemistry  and  biology.  In  working  with  lenses  and 
mirrors  a  continuous  stretch  of  6  or  8  ft.  is  required,  while  in  many  other  experi- 
ments a  very  small  amount  of  space  is  all  that  is  necessary.    Some  recommend  in- 
dividual benches  that  are  not  fastened  to  the  floor.    These  may  be  placed  two  or 
three  together,  when  a  long,  continuous  bench  top  is  required.  Such  an  arrangement 
has  points  to  recommend  it;  it  gives  all  the  advantages  of  the  individual  bench 
and  supplies  a  variety  of  sizes  of  working  places  to  suit  all  experiments.    But  the 
objections  to  sucli  a  bench  are  so  serious  that,  however  desirable  individual  work- 
ing places  in  the  physical  laboratory  may  be,  it  cannot  he  recommended.  Loose 
benches  will  always  be  out  of  alignment  and  will  give  the  room  a  very  untidy  appear- 
ance.   Such  benches  are  very  noisy,  as  they  are  being  continually  moved,  and  there 
will  be  numerous  disputes  ai*  a  result  of  one  pupil  encroaching  on  the  place  of 
another.    The  physics  bench,  as  we  shall  presently  see,  requires  to  be  very  heavy, 
to  give  solidity,  and  such  a  bench  is  unsuitable  for  transferring  from  place  to 
place.    Some  form  of  cross-bar  from  which  pulleys,  levers,  et«.,  may  be  suspended 
is  necessary,  and  if  this  is  situated  on  a  single  bench  it  makes  the  latter  top- 
heavy.    Besides,  a  physics  bench  should  have  gas  and  electrical  connections  for 
each  pupil,  and  these  must  be.  capable  of  disconnection  at  the  floor  if  the  benches 
are  movable;  this  condition  will  continually  produce  trouble. 

The  Iwnch  that  will  prove  most  satisfactory  is  one  long  enough  to  accommodate 
two  working  places  at  a  side ;  these  can  be  ipade  double,  so  that  two  work  at  each 
side,  or  single,  with  only  two  working  at  the  bench :  in  the  latter  case  twelve  such 
benches  will  be  required ;  in  the  former,  six.  An  advantage  of  the  double  benches 
is  that  one  pair  of  uprights  will  suffice  for  the  workers  on  both  sides  of  the  bench. 
While  six  sets  of  uprights  will  not  interfere  seriously  with  the  teacher's  observation 
of  the  pupils,  twice  that  number  produce  a  bewildering  effect.  On  the  other  hand, 
the  disadvantages  of  pupils  facing  the  two  opposite  directions  are  obvious. 
Altogether  the  advantages  are  decidedly  in  favour  of  a  bench  that  accommodates 
four  working  places,  two  on  each  side.  Such  a  bench  will  now  be  fully  described 
and  illustrated  (Figs.  55  and  56). 

A  bench  with  a  top  7  ft.  long  and  .'{1/2  ft.  wide  will  be  of  a  good  size.  This 
gives  each  pupil  a  bench  space  3i/'j  ft.  long  and  1%  ft-  ^de,  which  is  ample.  Where 
longer  free  spaces  are  required,  two  pupils  can  work  together  and  then  a  space 
7  ft.  long  is  provided.  The  height  should  be  such  that  the  top  is  convenient  for 
work  when  the  pupils  arc  standing,  as  much  of  the  work  will  be  done  under  these 
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Fig     55.— Pupils'    bench    for    physical    laboiatoiy       c.  Gas-tap       D    Thumh-sm-w       V    rlk. 
table  Movable    horizontal    beam.       L.  Brass    hook.      M.  Shelf    Underneath 
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conditious.  W  lu-ii  stundiiij;,  tlie  foreann  should  rest  on  the  t«p  of  the  bench,  while 
the  upper  arm  hangs  frut-ly.  For  pupils  up  to  sixteen  years  of  ajje.  the  height 
of  the  beiuh  top  sliould  he  alK)Ut  2  ft.  1>  in.,  for  those  older  than  that  ."-e  height 
should  he  nearly  ;i  ft.,  no  mistake  will  he  made  if  they  are  eonstrueted  anywhere 
between  these  two  hoifrhts.  The  iTo.ss-bar  al)ove  the  iiench  top  has  a  swinging  arm 
(F),  whieh,  when  swuii;r  at  rij;lit  angles  to  the  cross-bar,  extends  out  far  enough  to 
allow  a  siispt'iision  beyond  the  e<lge  of  the  top;  this  nnn  should  l)e  high  enough  to 
allow  a  suspension  of  at  least  two  metres  without  touehing  the  floor. 

The  whole  lop  sliould  Im;  perfectly  tlat  without  any  |)rojections  alwve  except, 
perhaps,  the  uas-taps.  T.'e  toj)  should  project  out  Ix-yond  t\w  body  at  least  t  in. 
all  around,  in  order  that  clamps  or  vises  may  ije  attached  to  it.  .V  drip  (0)  in 
the  form  of  a  small  gutter  should  run  aiound  the  under  surface  of  the  top  alwut 
1  in.  from  the  edge:  this  prevents  water  running  in  on  the  under  surface 
anil  staining  tiie  body.  It  is  neither  necessary  nor  advisable  to  have  sinks  on  each 
bench :  n  few  placed  at  convenient  iK)sitions  around  the  walls  will  supply  all  the 
accoiumodatiiiM  necessary  in  tliis  resiK'ct.  The  electrical  terminals  will  be  placed 
in  the  ends  of  the  bench,  as  shown  in  Figure  SO.  A  gas  tube  which  rises  througli 
the  mii'dlc  if  the  bench  terminates  in  four  ,uas-ta]is,  one  for  each  pupil.  The  two 
uprights  rise  from  the  ends.  This  arrangement  leavw  the  whole  top  of  the  bench 
free  from  projections,  except  the  gas-taps.  The  material  for  the  top  should  always  be 
wood.  Stone  or  glass  of  any  kind  are  Iwth  unsuitable  and  unnecessary.  As  chcraicaU 
an'  not  u-icd  to  any  extent  in  physical  experiments,  the  danger  of  mutilating  the 
top  with  lorrosive  materials  is  slight.  Tlie  stone  and  glass  are  cold  and  \inph'asant 
to  the  touch,  and  |)icic-  of  apparatus  cannot  easily  be  clani|ieil  to  them.  The  ideal 
wood  is  teak,  but  maple  or  birch  give  sat i- factory  results.  If  the  latter  woods  are 
used,  the  top  should  he  built  \\]>  )f  narrow  strijis  about  one  inch  in  width  glued 
together  with  a  waterproof  glu",  recipes  for  which  are  given  on  pa'je  11:  the 
pieces  should  h-  further  hound  to'Mher  hv  ib.wcls.  after  the  method  desiTihel  on 
'page  tl  and  illustrated  in  Figure  ;!."».  Two  inches  in  thickness  is  none  too  "rent 
for  the  to]),  as  the  more  solidly  built  the  bench  is  the  better.  The  top  should  be 
finished  in  black  with  an  acid-proof  finish,  us  d  scribed  already  on  page  12.  The 
legs  and  framework  should  be  very  heavy  and  strong  to  jtroduce  a  bench  not  easily 
jarred  and  as  free  from  vibration  as  ros^ihlc. 

The  to))  is  supjiorteil  by  four  stnin<r  leirs  at  least  4  in.  si|iiare.  Two  shallow- 
drawers  and  a  cupboard  are  placed  on  eai-h  side.  The  rupboard  is  central,  opening 
by  a  single  door.  It  should  have  a  shelf  dividing  it  into  two  compartiuents,  a 
shallow  one  above  an;''  a  deep  one  below.  This  latter  compartment  should  be  high 
enough  to  take  retort  stands.  The  two  draw'  are  toward  the  ends,  and  beneath 
them  is  an  open  space  in  which  the  feet  a;  ices  of  the  pujiil  may  be  placed 
while  sitting  at  the  bench.  These  drawers  an(  pboards  are  not  to  serve  as  lockers. 
for  each  pupil  is  not  supplied  with  a  .set  of  apparatus  in  ))hysics:  they  contain 
tubing,  burners,  and  other  piei-es  of  ajiparatus  that  arc  being  continiiallv  used. 
<^ross-pieces  pass  across  the  ends  near  the  bottom  of  the  legs  to  strenu'then  the 
framework.  Beneath  the  top.  with  one  end  resting  on  this  cross-piece,  runs  a 
longitudinal  shelf  (M)  8  in.  wide.    .Ml  of  these  pieces  should  be  massive. 

.''omp  arrangement  Tm!=t  h,-^  made  for  having  a  cross-beam  for  ii«petidin<r 
apparatus.  The  arrangement  shown  in  the  illustration  is  a  very  useful  one.  F'-om 
the  ends  rise  uprights  which  are  bolted  firmly  to  the  top  and  the  cross-pieces  between 
the  legs.  .\  fixed  beam  joins  the  two  upper  ends  of  these  uprights.  Relow  ih\< 
fixed  beam  is  the  sliding  beam  (K).    Thi*  is  a  wooden  scantling  ?  in.  by   I  in., 
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just  long  enough  to  slide  between  the  ends.  On  each  end  it  has  a  heavy  brass 
socket  (J)  just  large  enough  to  slide  freely  around  the  uprights.  The  sliding 
beam  is  fixed  in  any  position  by  a  pin  which  payees  through  an  opening  in  the 
bras*  socket  and  in  the  upright  The  openings  (H)  in  the  uprights  may  be  placed 
2  in.  apart  or  even  closer.  The  pin  is  attached  bv  a  chain  to  the  end  of  the  mov- 
able cross-beam.    If  the  pin  is  not  attached,  it  will  never  be  found  when  wanted. 


Vertical    Sect/o/v 

0  I  2 


End      E  lev  at /on 
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Pig.    56. — ^Pupils'   bench   for   physical   laboratory. 

cupboard.     O.  Drip. 


K.  Electrical    terminals. 
P.  Bolt. 


N.  Shelf   In 


Hooks  of  brass  are  attached  on  the  under  side  of  the  beam  for  suspensions.  One 
iueonvunicnce  of  such  an  arrangement  is  tliat  the  suspended  apparatus  is  along  the 
middle  of  the  bench  and  is  a  little  difficult  to  reach  by  the  pupil  standing  at  the 
bench.  This  tan  be  overcome  by  having  flush  sockets  in  the  sides  of  the  beam 
into  which  brass  rods  arc  screwed ;  the  suspensions  are  made  from  these  brass  rods, 
which  extend  out  as  far  or  farther  tlian  the  margin  of  the  l)ench.    These  are  not 
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•hown  in  the  drawing.  Two  horizontal  arms  (F)  are  placed  on  the  top  of  th« 
fixed,  horizonUl  beam.  These  have  a  bolt  passing  through  them  at  the  end  toward 
the  centre,  while  the  other  end  is  free.  They  are  fastened  to  the  bolt  by  a  thamb- 
screw  (D)  in  such  a  way  that,  by  loosening  the  screw,  the  free  end  may  be  swung 
out,  and  by  tightening  the  screw  it  may  be  fixed  in  any  position.  When  swung  out 
at  right  angles  to  the  beam  the  end  reaches  beyond  the  edge  of  the  bench  top. 
Over  this  free  end  slides  a  heavy  brass  collar  (G)  prolonged  below  into  a  hanger 
with  a  tightening  screw  (Fig.  67).  This  is  for  the  attachment  of  a  thread  or 
wire,  which  is  placed  between  the  two  jaws  and  held  firmly  by  tightening  the 
thumbscrew  (T).  This  arm,  as  has  already  been  stated,  is  for  making  pendulum 
suspensions  of  considerable  length. 

The  gas-pipe  rises  from  the  floor  and  terminates  in  the  centre  of  the  bench 
top;  four  taps  run  diagonally  from  this.  The  taps  are  of  gun-metal  or  brass  and 
have  lever  handles  to  the  valves.  The  tap  should  terminate  in  a  corrugated  nozzle 
over  which  rubber  tubing  may  be  pushed.     (See  page  19.) 


Emd  Elevation 


Fhont    EIlcvation 


FlB  67  —End  of  horliontal  swing  arm  on  the  top  of  cros»  beam  of  physical 
bench  O.  Brass  collar.  8.  Tightening  screw.  T.  Thumbscrew.  R. 
Washer. 

A  word  should  be  said  about  the  electrical  terminals.  If  the  current  utilized 
is  taken  from  the  mains  of  the  town  or  is  produced  by  a  generator  in  the  building, 
the  underwriters  will  demand  that  all  the  wiring  and  terminals  shall  be  incloeed 
within  pipes.  The  wires  cannot  terminate  in  binding  posts  fastened  directly 
to  the  woodwork  of  the  bench,  so  the  terminals  should  be  fixed  in  blocks  of  slate 
which  are  screwed  to  the  bench.  Figure  58  wil'  give  a  good  idea  of,  the  best  method 
of  having  the  "iring  and  terminals  attached  to  the  bench.  It  represents  a  part  of 
the  end  of  a  pupil's  bench.  The  wires  are  represented  by  heavy  lines 
and  are  drawn  diagrammatically,  as  the  wires  really  pass  through  iron  pipes 
which  are  not  represented  in  the  drawing.  The  wires  come  up  alongside  the  ver- 
tical support  (D),  passing  up  the  end.  Before  they  send  off  branches  to  the  ter- 
minals, fuses  (J)  are  put  in  the  circuit,  one  on  each  wire.  The  only  fuse  admitted 
should  be  one  that  screws  into  a  socket  and  that  may  be  replaced  by  an  incandescent 
lamp.  Branch  wires  connected  in  multiple  with  the  mains  go  to  each  set  of 
terminals,  and  each  wire  has  a  switch  (G)  on  its  course.  This  switch  may  be  of 
any  of  tiie  types  used  in  house  wiring,  but  the  small  button  switch  with  "on'* 
and  "  off "  marked  on  it  has  been  found  the  most  satisfactory,  as  the  pupils  can 
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■ilwiivs  tell  wliftliiT  the  eiroiiit  is  (•lo>t'(l  or  oim'Ii.  Tln'  imtiire  of  tlu'  tiTininaU  (C) 
is  important.  In  Fifjiiru  ')8  the  section  througli  A  Jl  will  );ive  u  ;;c>(>ii  idea  of  the 
most  siiitiibie  form.  A  pitie  is  cut  from  the  emi  of  the  Ik'IhIi  top  al)oiit  ;i  in.  lonp 
and  i  in.  wide.  The  etit  is  not  made  fiironjjh  the  whole  thickness  of  the  toji,  except 
in  tlie  outer  inch.  In  the  inner  part  of  the  cui  half  an  inch  is  left  on  (he  lower  side 
to  serve  a-  a  ■'licif  for  the  slaii'  hloiK  (  K  )  to  rest  upon.  The  lljiure  of  the  section 
thn)Ui.'li  .\  1!  will  make  this  clc,ir.  The  himlin;.'  posts  (Ij)  an-  lived  in  the  piece 
of  .-late  or  ni.irhle  (K)  that  occupies  this  recess.  The  -tone  iilock  is  fastemil  to 
the  shelf  helow  hv  the  Ixilts  (M)  FifTiire  .".H.  Jt  fills  the  inner  part  of  the  cut  and 
evieiids  I',  in.  into  the  enter  part,  leaviiiir  -'i  of  an  inch  for  the  pi-ojertion  of  the 
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Fis.  .IS.— The  up;"-r  ■liiiKi.imniatic  JrawiiiR  shows  a  i.iii  i  nf  the  ••ml  of  tlip  i>liy-iiciil  tjciul' 
til  •'iH.w  the  i'lc<'tru:il  wliinjf  iiiiil  ti-.  ininals.  The  siii.iU  tlKiue  below  .nnil  to  the  rlcht  i«  :i 
seitiol.  throUKli  A  li  of  the  ll|'!iii  llttui  i-.  The  |.i.,es  thiciuBh  which  the  wires  isivs  are 
oiilitteil.  .\.  .Slate  hloek.  C.  lliiKliiiK  post.  I  >.  r.i.jiht.  1..  Wiles  passing-  to  terminal 
at  the  other  ..ii.l  of  the  lieiieh.  ci.  Switch  II.  .1  l-'iise.  K.  Section  of  slate  s'nli  I 
IllmlinB  po.st  in  section.  .M.  FastenliiK  holt.  X.  Wiie  to  teiininal.  I'.  Kiul  ef"i,,'i)  of 
table. 

metal  terminals.  These  ceiisist  of  hiiidiii!.'  |i 'sts  wliicli  are  hori/oiiial.  and  must 
not  ]>rojcct  l"V(i!id  the  end  of  the  l;eiicli  top.  for  if  thev  do  t!ie  pupils  will  he 
continually  tiarii';;-  tin  Ir  clothe.-  on  lie,  in.  The  liiiidini:  post*  inav  lie  either  of 
the  holt  and  nut  varictv  as  in  the  illustration  (L).  r.r  thev  iinv  liiive  an  eyelet  to 
receive  the  wire;  the  rornier  will  firove  the  more  s^'i-ahle.  as.  in  the  u.se  of  the 
litter  a  fine  wire  will  not  hold  ti'fht.  and  a  .str.nnd'Ml  wire  laii  mtlv  he  pa.ssed 
fhrouiih  the  eyelet  with  dilV'ciilty.  The  washer  an  1  thnniliscrew  hetween  which  the 
wire  is  held  shoulil  he  larw.  and  the  contact  surfaces  <piite  flat.  When  in  use.  if  a 
small  source  of  electricity  is  required,  as  a  few  storape  cells,  two  l.-i-ampere  fu.ses 
may  lie  left  in  the  circuit.    If,  on  the  other  hand,  the  liphtin<r  circuit  is  bein?  tised 
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for  uxixjriineiital  work,  or  lor  auy  purpose  ruquiriiig  u  stroiijj  eurrent,  thfii 
till-  pupils  would  la'  iiktly  lo  I'low  out  tlic.xe  fuses  by  can-lcssly  or  wilfully 
making  a  short  circuit.  Theru  must  be  protettioii,  tiierelorc,  apiiiist  this  con- 
tingeiiey.  If  one  fuse  is  removed  and  an  incandescent  bulb  is  screwed  into  ita 
place,  then  complete  protection  against  the  blowing  out  of  fuses  is  olitained,  and 
Butticient  current  is  allowed  to  pass  for  all  ordinary  experiments.  Dilferent  candle- 
power  lamps  allow  ditlereiit  currents  tt>  pass;  if  the  voltage  is  lltt.  a  l(i-t'.I'. 
carbon-lilni  lamp  gives  >,._.  ampere,  a  3'i-C'.l'.  lamp  gives  1  umiMire,  etc.  By  having 
fieverai  sets  of  lamps,  a  lonsidendile  variety  of  currents  can  lie  distributed  to  the 
desks  from  a  110  volt  main.  If  there  is  no  main  source  of  electrical  supply  and  no 
wiring  to  tlie  ln'iicli.  the  lon^'iludinal  :.h>'lf  underneath  will  serve  to  hold  a  battery 
from  which  the  current  may  be  taken:  the  most  suitable  cells  for  such  a  battery 
have  l)een  already  disiusscd  on  pages  W-.i'i. 

Teaciikhs'  Dkmonstiiation  ]Ik\<  II 

The  structure  of  this  bench  will  depend  largely  on  the  use  to  be  made  of  it. 
If  the  science  department  contains  a  lecture-roinn  for  demonstrations,  then  the 
table  in  tlie  physical  laboratory  need  not  be  so  elaborate  as  when  a  leeturo-room 
IS  absent,  for  it  will  serve  largely  as  n  snjiply  table  for  apparatus  to  be  distributed 
to  the  pupils.  If  it  is  used  also  for  demonstration  purposes,  the  structure  and 
€(piipnient  will  be  similar  to  that  of  the  demonstration  bench  already  described  (m 
pages  ri-:(>.  and  illustrated  in  Figures  I'i  and  \X  However,  in  the  bciuh  for  the 
physical  lal>oratoiy.  U.e  fume  duct  may  be  omitted  without  much  loss.  Figures 
59  and  (iO  are  illustrations  of  a  simplified  form  of  bench  in  which  the  fume  vent, 
the  second  sink,  and  the  mercury  tray  have  been  omitteil.  The  <letails  as  to  the 
top,  drawers,  finish,  inat<'rial,  etc.,  are  the  same  as  those  of  the  chemical  demonstra- 
tion lieiich  descrilied  fully  4in  pa^'es  :i-7C..  and  inrd  not  be descrilied  again.  One 
feature  which  it  is  luH-essary  to  add  to  the  denionstrntion  bench  already  dest-rihed  to 
make  it  suitable  for  iihysical  demonstrations  is  an  adjustalile  cross-bur.  From  this 
bar  suspensions  may  be  made.  The  heavy,  permanent  bars  of  the  pupil's  beiicli  would 
be  (piite  nnsuitalijc  oii  the  teacher's  iicii  ■h.  ii<  they  would  seriously  obstruct  the 
pupils"  view  of  the  l)la(k-l;oanl  iiinl  of  ilic  liiiitern  scri'iii.  The  most  suitable  ar- 
raii'.'emeiit  is  that  illustrated  in  the  drawiii'rs.  The  brass  (lush-threaded  sockets 
are  sunk  into  the  bench  top.  Into  these  sockets  are  screwed  two  cylindrical  uprights 
(Fig.  .")!»,  (D),  (Fig.  f!0,  (H)).  1  in.  in  diameter  and  ■">  ft.  high.  The  cross-bar 
(B).  Figure  .">n.  is  uiado  of  1  in.  tubing  of  sulTioient  strengtn.  Figure  fil  shows  how 
it  slides  on  the  vertical  pieces.  Tt  has  a  collar  (B)  screwed  into  each  end,  which 
slides  over  the  uprights  and  -an  bo  fixed  securelv  at  any  ])oint  by  means  of  a  set- 
screw  with  a  large,  milled  head  (.\).  This  cross-bar  has  hooks  (\)  on  its  lower 
side.     The  whole  arrangement  can  b;>  taken  down  when  not  required  for  u>i'. 


ApPAR.vTtrs  Cabixet 

Much  greater  csre  is  necessary  in  the  planninsj  of  storage  cabinets  for  the 
physical  apparatus  than  in  planning  them  for  the  chemical  apparatus.  The  former 
is  much  more  ca-'ily  injured  than  the  latter,  as  it  is  not  so  largely  made  of  gla--:  ,i>  of 
wood  and  metal.  The  physical  apparatus  is  also  of  all  shapes  and  sizes  and  very 
■difficult  to  store.  A  cabinet  of  large  dimensions  i<  most  convenient,  so  that  pieces 
-of  apparatus  of  great  length,  height,  or  width  can  find  a  place  in  it.  Fijrure  03 
■gives  illustrations  of  a  very  convenient  cabinet.      Tt  is  Ti.j  ft.  high  and  ?  ft.  in 
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Hviiiliible  di'pUi.  Thi>  length  wilt  (U'puiid  on  tlio  tiitu  of  the  ipaoe  in  which  it  ii 
|tlai'.(l.  Aloiijf  till.  lioMiiiii  jM  a  row  of  (Iniwcru  of  altuut  I  ft.  in  Ji'pth.  TheM  will 
l)io\r  iiivuiuttlilc  for  utoring  nuKij{litl>  uwtcrinl  and  im1iI»  »iid  end*.  Tho  wliolo 
upiHT  part  in  onu  lontinuou*  Hpace  witli  no  vortical  iwrtitioiii.  The  undi  and  front 
itrf  of  iiUif*.  Tlif  whoU-  front  i»  titfupinl  by  doi>r».  S*inj{iiiK  and  liiding  door* 
lM)th  liavi'  tlii'ir  advautat^cii  and  dixadvantajfo*,  and  Iht-m-  havu  kt-n  dit- 
m.M.I  aliirtdv  (|Mi«i'  hi).  Ilcrt'.  whi-rc  the  doors  nrt'  larp'  and  hcavv.  the 
>li<linK  onr*  arc  iMffi-ralilf.  Thfcc  nhonld  have,  on  the  under  side,  ball-heariiig 
-UtU-*  whi.il  run  on  a  Htwl  track.  This  arran^i-nn-nt  i*  cheap,  and  the  doora  riin 
v»ith  the  Kreatcxt  caik-.  Two  ghelven  go  right  along  tiiu  cabinet  from  end  to  end. 
It  ix  not  nilM>iililc  t"  liiuc  these  adjustalde.  .in  thi'>  are  so  large  iinrl  heavy  that 
>uch  an  iirriiii>.'cintiit  tttnild  U'  of  doubtful  advantagi'.  Hy  means  of  hooks,  naiU," 
find  brn<kcts.  uiudi  material  mn  lie  stored  a^'ainst  the  walls.  Shallow  «herves 
across  Iht!  ends  aii<l  along  tiie  back  U^twecn  the  main  shelves  will  also  increase  it< 
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storajre  capacity.  Tlic  details  of  the  material  and  finish  are  similar  to  those  already 
(Ic-ciiled  for  the  cheiiilca!  cabinet  on  pajre  9.  All  the  doors  are  looked  by 
tile  -aine  key.  and  a  spring  lock  will  be  most  suitable  on  this  fabiiiet.  The  top  is 
mndc  pcrfc.  tly  flat  with  no  space  at  the  back  between  it  and  the  wall,  .so  that  it 
c;iii  be  used,  if  found  necessary,  for  storinjr  some  of  the  bulkier  pieoes. 


■  \ 


Shki.ves 

A  set  of  shelves  should  be  constructed  on  the  wall.  These  should  hold  a  set 
of  uniform  boxes.  In  these  are  stored  the  apparatus  used  f.r  individual  eNperi- 
menf*.  For  this  work  sets  of  twelve  or  twenty-fonr  piece.?  are  frer|ueiitly  on  hand, 
such  as  calorimeters,  magnets,  prisms,  burners,  etc.  These  are  stored  in  the  boxes, 
which  have  laWs  on  the  ends  showing  their  eontents.  In  distributing  apparatus 
to  the  class,  a  pupil  passes  among  the  class  with  one  of  these  boxes  and  leaves 
one  piece  with  each  pupil ;  they  are  collected  in  the  same  way.     Another  wav  of 
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using  these  boxes  is  to  have  one  for  each  pupil's  place  in  the  physical  laboratory. 
Before  the  class  begins  work  these  may  be  set  out  in  a  row  and  the  apparatus 
placed  in  each,  so  that  when  the  class  enters  the  laboratory  each  pupil  comes 
fon*ard  to  the  shelf  and  takes  his  box  to  his  place  and  is  at  once  ready  for  work, 
with  all  his  apparatus  convenient. 

The  shelves  are  10  in.  in  depth  and  are  placed  1  ft.  apart.  The  lengtli  will 
depend  on  the  amount  of  available  wall  space — the  longer  the  better.  The  boxea 
are  of  uniform  size,  14  in.  long,  10  in.  wide,  and  6  in.  high.  The  twenty-four  that 
are  used  for  distributing  the  apparatus  to  the  pupils'  benches  are  painted  dull  black 
except  the  under  side  of  the  bottom,  which  is  painted  white  so  that  they  can  be  used 
by  the  pupils  as  screens  in  performing  experiments  in  optics.  Xarrow  strips  are 
nailed  along  two  sides  of  the  bottom  to  prevent  the  white  from  being  rubbed  off. 

Balance  Shelves 

These  are  quite  similar  in  every  respect  to  those  of  the  chemical  laboratory,  and 
the  reader  is  referred  to  pages  81-83,  and  Figures  49  and  50  for  a  complete  de- 
scription of  them. 

The  Sinks 

The  laboratorj'  sinks  are  best  placed  along  the  walls  rather  than  on  the  pupils' 
benches.  Figure  63  gives  a  good  idea  of  a  suitable  sink.  It  is  made  of  glazed  stone- 
ware of  the  kind  already  described  on  page  19.  One  about  14  in.  by  10  in.  is  of 
a  good  size.  The  top  and  back  are  of  slate.  The  top  is  about  3  ft.  long  and  1  Vo  ft. 
wide,  and  is  placed'  above  the  sink.  It  is  counter-sunk  with  a  slight  depression 
all  around  the  sink.  Against  the  wall  is  a  slate  back  about  1  ft.  high.  Around 
the  top,  at  the  front,  and  at  the  two  ends,  is  an  apron' of  slate  projecting  at  least 
2  in.  above  the  top.  This  is  to  guard  against  the  splashing  of  water  on  the  floor. 
The  junctures  between  the  pieces  of  slate  must  all  be  water-tight.  The  slate  com- 
prising the  top  and  the  apron  should  be  IV2  in.  thick,  and  that  of  the  back  1  in. 
The  sink  is  supported  on  iron  brackets.  The  .slate  may  be  replaced  by  wood  but 
of  course  the  results  will  not  be  so  good.  The  best  wood  to  use  for  such  a  purpose 
is  teak,  and  if  it  is  not  available  white-wood  will  stand  the  water  fairlv  well. 


">  Miscellaneous  Furnishings 

Some  part  of  the  wall  of  the  laboratory  should  be  constructed  of  unpainted 
wood.  This  can  be  used  for  holding  nails  and  pegs  on  which  apparatus  may  be 
hung.  Many  experiments  in  mechanics,  such  as  the  parallelogram  of  forces,  "may 
be  performed  here.  If  several  vertical  slats  are  attached  to  the  wall  and  wooden 
boards  are  fastened  to  them  horizontally,  they  will  serve  the  purpose  admirably. 

A  work  bench  is  an  essential  part  of  the  equipment  of  the  science  department 
of  every  high  school.  Such  a  bench,  with  a  kit  of  mechanic's  and  carpenter's  tools, 
together  with  a  soldering  outfit,  will  be  a  very  valuable  means  of  developing  initia- 
tive on  the  part  of  both  the  pupils  and  teacher.  It  will  pay  for  itself  many  times, 
as  numerous  pieces  of  apparatus  will  be  repaired  that  oiherwise  would  be  thrown 
out,  and  much  apparatus  will  he  improvised  that  would  otherwise  have  to  be 
purchased.  A  regular  manual-training  bench  will  be  fairly  satisfactory,  or  any 
solidly  built  bench  on  which  vises  and  an  anvil  can  be  placed  will  answer  the  pur- 
pose.   This  bench  lAould  be  fastened  rigidly  to  the  floor. 


SINK  FOR  PHYSICAL  LABORATORY 


lor 


A  large  sink  with  a  draining-board  in  the  store-room  is  handy.  This  will  be 
similar  to  the  other  sinks  in  the  physical  laboratory,  and  should  have  the  top  and 
apron  of  slate  or  white-wood.  The  tap  should  have  a  long  swan-neck,  so  that  the 
tallest  vessels  may  be  placed  under  it.  It  should  be  connected  with  both  hoi  and  cold 
water.  Behind  it  is  placed  vertically  a  teak  draining-board  with  pegs  slant'^g 
upward  upon  which  glass  vessels  are  placed  to  dry. 
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Fig.   63.— Sink   for  physical   laboratory.     A.  Apron   at  back   of  sink.     B.  Apron   at   front   of 
sink.     D.  Slate   top  surrounding  .sink.     E.  Apron   at   front  of  sink. 

A  long  table  in  the  store-room  near  the  apparatus  cabinet  is  a  convenience. 
Pieces  of  apparatus  are  placed  on  it  when  the  teacher  is  putting  them  in  or  taking 
them  out  of  the  cabinet.  Apparatus  may  al.«o  he  set  up  on  this  table  preparatory  to 
taking  it  into  the  demonstration  room. 

The  stools  have  already  been  described  and  illustrated,  page  13,  Figure  2.  If 
the  bench  tops  are  36  in.  high,  the  height  of  the  stool  should  be  85  in. 
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ARRANGEMENT  OF  FURNITURE  IN  THE  LABORATORY 

Figure  04  will  give  a  good  idea  of  the  relative  sizes  and  arrangeiuent  of  the 
furniture  in  a  physical  laboratory  wliicii  is  well  eijuipped.     The  windows  occupy 
the  whole  of  one  side  except  a  few  feet  toward  the  front,  near  where  tlie  black- 
board IS  i)laccd.    When  the  black-board  does  not  extend  near  to  the  side  where  the 
windows    are,   they    might    be    brought,    with    advantage,    even    more    closely    to 
the  front.     The  pupils'  benches  are  in  two  rows  of  three  each.     Tlieir  ends  must 
always  be  turned  toward  the  windows,  so  that  no  pupil  will  have  to  work  with  the 
light  behind  him.  for  m  that  case  lie  would  be  working  in  his*  own  shadow.     In 
this   laboratory    much   greater   freedom   of   movement   is   necessary   than    in    the 
chemical  laboratory.     The  pupils  will  sometimes  be  working  at  the  ends  of  the 
bench  and  sometimes  at  the  sides.     It  is    therefore    necessary  not  to  crowd  the 
benches.     The  aisles  on  the  outsides  are  each  3  ft.  wide,  while  the  niiddh-  one 
is  4  ft  wide.  This  space  is  not  too  great,  and  narrower  aisles  will  cause  inconvenience. 
The  teacher's  demonstration  bench  (  \)  is  situated  at  the  fi     t  end  of  the  riwni  in 
line  with  the  window,  so  that  the  sunlight  may  be  used  for  experimental  work.     Of 
course  if  a  window  is  not  in  line  with  the  bench  a  small  opening  can  be  bored  in 
the  wall,  and  in  this  a  beliost.it  may  iie  permanently  placed.     This  bencli  should 
be  made  as  long  as  possible.     1 1  is  represented  as  extc'iiding  as  far  out  on  each  side 
as  do  the  pupil's  benches.     A  space  of  at  least   1  ft.  is  left  between  the  demon- 
stration bench  and  the  black-board.    The  lantern  screen  (P)  is  situated  above  the 
black-board  (I{).     If  all  the  dcihonstniti(m  work  is  performed  on  this  bench,  then 
two  other  pieces  of  furniture  should  be  placed  behind  it  on  the  wall.     A  small  gal- 
viiiiometcr.  shelf,  and  s,  leen  (S)  are  i)]aced  above  the  blftck-board,  where  they  can 
be  plainly  seen  by  the  whole  cla-^^s.     A  water  air-pump  and  water  blast  (0)  will  be 
placed  at  one  end  of  the  black  board.     A  full  description  of  the  structure  and  use 
of  these  two  pieces  of  e(|iiipment  will  be  given  when  di.*CHSsing  the  equipment  of 
the  lecture  and  <lemonstration  room.    (Page  1 10.  Figure  80.)    The  sinks  (K)  can  be 
placed  before  the  windows,  as  this  is  a  space  that  usually  cannot  be  well  utilized 
for  any  other  purpose.    Three  such  sinks  are  sufficient.    One  will  be  placed  in  line 
with  each  pair  of  pupils'  benches,  so  as  to  be  as  convenient  for  the  pupils  as  possible. 
Assuming  that  there  are  separate  physical  balances,  these  can  be  placed  most  con- 
veniently in  the  laboratory  itself,  as  there  is  not  the  objection  to  placing  them  there 
that  there  is  to  having  them  in  the  chemical  laboratory.     The  balance  shelves  are 
placed  around  the  walls  toward  the  back  of  the  room.     A  set  of  shelves  with  boxes 
for  |)iipils'  api.aratus  .Miupies  the  spac-  between  the  two  doors  by  which  the  labora- 
tory IS  entered   from  the  hall.     The  wooden  slats,  fastened  to  the  wall,  may  be 
placed  on  the  only  extensive  piece  of  wall  space  remaining,  which  is  toward  the 
front  of  the  room. 

Besid.'s  the  main  laboratory,  the  drawing  show.s  a  separate  store-room  and  a 
diuk  room.  Then-  is  not  the  same  objection  to  havimr  apparatus  cabinets  in  the 
jtiiysical  laboratory  that  there  is  to  having  them  in  the  chemical  laboratory.  A  lack 
of  sufficient  wall  space  will  usually  prevent  them  from  all  being  contained 'there  and 
a  separate  store-room  will  prove  a  great  advantage.  The  two  side  walls  of  this  store- 
room .ire  ncr-Mpind  by  the  apparatus  cabinets,  and  a  table  runs  along  between  them. 
The  front  of  the  4or<'-room  next  the  window  contains  the  work  Iwiich.  Here  there  will 
be  abundance  of  light  for  fine  work.  The  sink  for  washing  apparatus  described  on 
page  in:  will  be  situated  just  opposite  the  door.  Tf  a  Icctnro-room  adjoins  the 
laboratory,  then  this  space  will  be  occupied  by  a  door,  and  other  accommodation 
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Fig.  64. — Ground  plan  of  physical  laboratory.  A.  Apparatus  cabinet.  I?.  Table.  (".  I-iirge 
aink  with  (IralninK  boaril.  D.  Work  bench.  E.  Table  with  two  sink.>i  in  ilnrk  room. 
F.  Halaiice  tables.  \\.  I^antern  stand.  K.  lal)oratory  sinks.  L.  Stu<lent-*'  bem-hes. 
M.  Side  shelf.  N.  Demonstration  bench,  d.  Water  air-pump  and  blast.  P.  Lantern 
screen.     R.   Itlack-board.     S.  Galvanometer  shelf.     T.  Slats  attached  to  wall. 
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will  have  to  be  found  for  the  gink  by  diminishing  the  size  of  one  of  the  apparatus 
^•abinets.  The  dark  room  has  a  door  opening  directly  into  the  physical  laboratory. 
The  main  equipment  of  the  dark  room  will  be  for  photographic  work.  Frequently, 
in  optical  experiments,  it  may  be  necessary  to  perform  an  experiment  in  an  abso- 
lutely dark  room,  and  the  pupils  working  at  it  lan  pass  directly  into  the  dark  room 
for  the  work. 


ELECTRICAL  WIRINQ  OP  PHYSICAL  LABORATORY 

Ordinary  electricians  know  so  little  regarding  the  requirements  of  a  science 
room  tliat  it  is  necessary  to  describe  the  details  of  the  wiring  of  a  physical  labora- 
tory when  the  current  is  supplied  to  each  pupil's  bench.  The  arrangement  of  the 
wires,  switches,  and  fuses,  on  the  end  of  each  bench  has  already  been  de- 
scribed and  illustrated.  (See  pages  99  and  JOO,  Figure  68.)  Figure  65  shows  a  plan 
of  a  room  properly  wired ;  horizontal  wires  are  represented  by  lines  parallel  to  the 
walls;  vertical  wires  are  represented  by  oblique  lines.  There  are  separate  lines 
directly  from  the  switchboard  to  the  lantern  stand  (J)  and  to  the  demonstration 
bench  (F),  either  of  which  can  be  turned  on  without  sending  any  current  to  the 
pupils'  benchea.  The  advantage  of  this  arra^,  :ent  is  quite  obvious.  From  the  switch- 
board (A)  the  mains  to  the  pupils'  benches  pass  down  the  middle  aisle  between  the 
two  rows  of  benches.  Two  wires  are  given  of*!  lo  each  bench  and  a  fuse  box  is  put  in 
the  circuit  of  these  two  wires  before  they  branch  off  to  the  pupils'  terminals.  From 
the  two  wifes  supplying  the  bench  four  circuits  in  paraflel  pass  to  the  pupils'  ter- 
minals, a  switch  being  placed  in  the  course  of  each.  It  is  evident,  as  the  circuits  are 
in  parallel,  that  one  pupil's  circuit  getting  out  of  order  will  not  affect  any  of  the 
others.  When  all  are  closed,  if  one  happene  to  be  turned  of!  it  will  not  seriously 
affect  the  strength  of  the  current  of  the  others.  The  mains  must  be 
made  heavy  enough  to  carry  the  whole  current.  It  is  evident  that  the  current 
through  the  mains  is  the  sum  of  all  the  currents  through  the  pupils'  circuits,  and 
as  each  pupil  should  have  at  leas.  1  ampere  available,  these  main  wires  must  be 
capable  of  easily  oarrj-ing  24  amperes.  It  is  safest  to  put  SO  ampere  wires  in  the 
line  and  30  ampere  fuses  in  the  main;  10  ampere  fuses  in  the  pupils'  circuits  are 
about  right.  The  fuses  for  the  lantern  and  for  the  teacher's  bench  should  be  20 
or  25  amperes.  Of  course  a  fuse  and  switch  are  placed  in  each  circuit  where  it 
joins  the  switchboard.  At  the  pupils'  places,  on  the  teacher's  bench,  and  on  the 
lantern  stand,  socket  fuses  are  used;  at  the  switchboard  ordinary  wire  fuses  will 
be  most  economical. 


PLAX  TO  SHOW  ELECTRICAL  WIRING* 


111 


o     Switch 
m     Fuse 

Hk.  6B. — Plan  lit  physical  laboratory  to  show  the  electrical  wlrlnf?  to  the  benches. 
A.  SwitchboHid  (oblique  liiieM  lepreseiil  vertically  rumiliig  wUes).  C.  Puses.  D. 
Switches.     E.  Students'  benches.     F.  Teacher's  bench.     J.  Lantern  table. 


CHAPTER  VI 

BIOLOUICAL  LABOHATORY 

SITUATION 

WiiiLE  good  lighting  is  of  great  importance  in  the  physical  and  chemical  labora- 
tories, it  is  still  more  neuessary  in  the  l)iological  laboratory.  Almost  all  the  work 
consists  in  making  the  most  careful  examination  of  the  details  of  objects  which 
are  frequently  very  minute,  and  the  most  perfect  light  possible  is  a  necessity.  It 
16  always  the  light  received  by  the  puinl  farthest  from  the  windows  that  is  to 
be  considered.  A  lon^r,  narrow  room  with  the  windows  on  one  of  the  long  sides 
IS  probably  most  suitable.  Consider  a  .school  having  a  hall  running  east  and  west 
and  having  class-rooms  on  each  side  of  the  hall ;  then  a  narrow  room  right  across  the 
east  end  of  the  building  would  be  well  situated  for  a  biological  laboratory.  It 
would  have  windows  on  three  sides.  If  such  a  position  is  not  available,  a  room  with 
windows  on  two  sides  should  be  selected. 

SIZE 

The  size  will  be  determined  liy  a  number  of  factors.  At  the  present  time  in 
Ontario  the  classes  in  biology  in  the  upper  st^hool  are  not  large  and,  if  used  for  this 
purjxoe  alone,  a  relatively  small  room  would  be  required.  Much  time  is  at  present 
devoted  to  biology-  in  the  lower  school,  and  the  biological  latwratory  should,  if  pos- 
sible, be  constructed  and  equipped  to  accommodate  these  classes  also.  A  suitable 
bench  adequately  supplied  with  proper  apparatus  is  just  as  necessary  for  successful 
work  in  biology  as  in  the  other  sciences.  Tiie  present  tendency  in  biological  teach- 
ing IS  to  lay  stress  on  the  >tu<ly  of  living  plants  and  animalfi.  and  for  such  teaching 
a  special  room  with  proper  equipment  is  very  necessary. 


LIGHTING 

As  has  been  stated,  adequat.'  ligliting  is  more  important  here  than  in  any 
other  room  of  the  school,  ificroscopcs  and  dissecting  lenses  are  being  used  con- 
tinually, germination  of  plants  is  carried  on.  museum  cases  are  frequently  on  ex- 
hibition, and  all  of  these  require  a  good  light;  therefore  the  windows  should  he 
large  and  numerous.  They  should  extend  as  near  to  the  ceiling  as  possible,  and 
a  skylight  would  also  he  of  assistance.  The  bases  of  the  windows  in  front  of  the 
benclios  should  be  a  little  above  the  level  of  the  pupil's  eves  when  he  is  seated  at 
the  bench,  so  tlint  only  icflectod  light  will  strike  the  eve  as  it  examines  the  objects 
under  olisorvation  on  the  bench.  Tlie  bases  of  the  side  windows  and  of  those  used 
for  experiments  in  [ihysiological  botany  can  be  considerably  lower,  in  order  that 
pupils  may  be  able  to  observe  objects  on  them  more  readilv. 

FUHNITURE 

As  is  tlie  case  ill  the  other  laboratorips.  so  here  the  chief  pipec  of  furniture  is 
the  pupil's  working  bench.  There  will  also  be  a  demonstration  bench  for  the 
teacher.  Tables  for  aquaria  and  for  experiments  in  plant  physiology  -viil  be  plaeeci 
near  the  windows.     Some  special  arrangement  is  necessary  for  growing  plants  and 

[1121 


HIOLOOY  BENCH 


113 


ill 


\<//yyy/'^^j'^,/ 


^ 

« 

5 

\ 

K 

I 

v> 

l4i 

k 

1 

2 

5 

kj 

•o 

s 

ft; 

kl 
k 

Q 

i— 

3 

:> 

1 

p. 

' 

II 

«: 
>« 

-04 

•B 

11 

</> 

v» 

UJ 

<o 

Uj 

Q:: 

1 . 

kl 

o 

I? 


fo- 


114 


LABORATORY  ACCOMMODATION 


for  germiuatiiig  seeds ;  these  may  lie  grown  iu  an  ordinary  window  or  in  a  special 
bay-window ;  but  a  small  conservatory  at  the  south  or  east  end  is  by  far  the  more 
eflfective  arrangement,  and  there  is  no  good  reason  why  one  should  not  be  attached  to 
every  good  secondary  school.  A  special  glazed  case,  in  which  the  temperature  ii  kept 
fairly  constant,  placed  near  a  window,  will  be  useful ;  it  is  called  a  Wardian  case.  If 
there  is  no  separate  museum,  the  exhibition  cases  for  biological  material  should 
also  be  placed  in  this  laboratory.  Storage  cabinets  will  also  be  placed  either  in  the 
room  itself  or  in  the  adjoining  one.  The  structure  of  each  of  these  will  be  taken 
up  in  turn. 


Pupil's  Bench 

For  reasons  already  stated  in  discussing  the  chemical  laboratory  (Chapter  IV), 
the  individual  l)ench  is  to  he  preferred.     Howover  it  is  also  the  most  expensive.   So 
here  Iwth  the  individual  bench  and  a  multiple  bench  that  will  accommodate  five 
or  six  students  are  described.    While  there  is  no  doubt  as  to  the  superiority  of  the 
former  ovei  the  latter  bench,  in  some  schools  the  room  may  be  better  adapted  to 
(he  latter,  or  the  cost  of  the  former  may  be  considered  too  great,  and  it  is  then  nec- 
essary to  select  the  most  successful  form  of  multiple  bench.     Fig.  66  shows  different 
views  of  a  good  individual  bench.    It  is  very  simple  in  construction '  and  contains 
all  the  space  and  slorage  accommodation  necessary  for  high  school  purposes.    The 
top  is  a  little  over  3  ft.  long  and  about  22  in.  wide.    The  height  will  be  less  than 
that  of  any  other  loboratory  bench,  and  it  will  be  lower  than  the  desk  in  the  class- 
room.   The  reason  for  this  is  that  the  top  must  be  of  such  a  height  that  the  pupil 
while  seated  comfortably  at  tlie  l«.'nch  should  be  high  enough  to  look  through  a 
microscope  placed  vertically  on  the  bench  top.  Twenty-two  inches  above  the  floor  is 
found  to  be  the  best  heighi  far  the  top.    The  illustration  shows  on  the  left,  under 
the  top,  a  recess  for  the  feet,  while  on  the  right  is  a  iui>iK>ard  Wow  and  a  drawer 
above.    The  cupboard  contains  the  compound  microscope,  while  the  drawer  contains 
a  lens  and  any  dissecting  apparatus  supplied  by  the  school  for  the  use  of  the 
individual  pupils.    The  cupboard  has  a  single,  hinged  door.    The  top  is  made  of 
strips  1  in.  wide,  glued  and  dowelled  together,  as  in  the  case  of  tlic  l)ench  tops 
already  described.     Around   the  edge  on  three  sides  is  a   raised  beading,  which 
prevents  objects  from  rolling  of!  and  al.so  diminishes  the  dan-icr  of  a  microscope  or 
other  valuable  apparatus  being  pushed  over  the  edge.     Yale  cylinder  'ocks  are 
placed  on  the  drawers,  the  keys  of  which  are  all  different  and  are  all  controlled  by 
the  same  niaster-key  as  is  used  for  the  drawers  in  the  chemical  laboratory  benches. 
Tlie  material  out  of  which  the  bench  is  constructed  corresponds  with  that  of  the 
other  laboratories,  but  the  top  should  be  of  some  hardwood,  as  maple  or  birch,  which 
is  not  jjorous.     The  finish  of  the  body  has  been  discussed  on  page  10.     Th?  top  is 
best  finished  with  the  black  acid-proof  Inish  described  nn  page  12.     This,  renewed 
from  time  to  time  with  hard  oil  well  n   bed  off.  will  keep  a  fine  appearance.    Fnder 
no  circumstances  should  the  top  be  varnished,  for  alcohol  and  other  chemicals  used 
in  microscopic  work  dissolve  varnish  very  readily. 

Thk  Mui.TiiM.F  Bkntft 

Figures  67  and  68  illustrate  a  form  of  bench  used  largely  in  the  Fnited  Statea 
and  originated  there  by  the  late  Professor  Beasey  of  the  University  of  Nebraska.  It  u 
made  to  accommodate  several  pupils.  Each  pupil  has  a  recess  for  his  knees  and  feet 
and  a  drawer  and  cupboard  to  his  right,  as  is  the  case  in  the  individual  bench  already 
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.li'KnlK'd.  Uliile  ill  th..  iH'iiih  HrHt  de«.Til)rd  the  pupiU  face  the  light,  in  thi«  om 
tlie  pupils  raii«,.d  at  tin-  .si,it"«  rm-ive  the  li-ht  laterally.  In  order  that  the  om 
iH-anst  the  window  may  not  ol.ntruct  the  light  of  the  pupil  next  him,  the  top  of  the 
bfiifii  w  ni.t  rectanKular  but  shaped  like  t  trapezium,  with  the  parallel  mdea  run- 
nuig  in  the  diruitioii  of  the  window.  It  is  5  ft.  wide  at  the  window  and  taper*  to  .1  ft 
lit  tile  lailJH^t  end.  iiii.l  v  itii  sik  h  a  sliapo  K'io*!  li«ht  is  rm-ivfd  bv  all  thf  pupil*. 
However,  the  pupils  r.c.ivi.  all  tiii'  light  from  tiie  side,  and  this  ia  never  so  good  fo- 
disse.ting  or  for  ini<r.wo|.ic  w(.rk  a*  i;*  the  light  from  the  front.  One  advantag* 
..t  such  Ih-iuIics  over  the  snnill  r. rtiiiiKular  form  is  that  tiiev  furnish  more  commo- 
dious spn.rs  U.tw.rii  tlw  li.n.|„.s  lor  the  tearlier  when  assisting  members  of  the 
class.  The  iifight  of  the  top  and  the  amount  of  the  lK'n<'li  space  for  cud,  pupil 
will  Ik.  III..  Slim..  ,1,  ill  tlif  iiidividunl  l.ciicli..s.  Tjip  materia!  and  finish  will  also  be 
tiic  Mini,..    Th..  ilr)iwiii^'>  will  imikf  the  construction  and  size  intelligible. 


Horizontal  StCT/on 

FiB.    6S— I'upllji'    multiple   bench    for   biology— wedje   form 


Teacher's  Demonstration  Bench 

The  strii.  turc  of  tliis  twnch  will  be  in  most  respeeti*  the  same  as  the  correspond- 
ing benches  of  the  physical  laboratory  and  the  lecture-room.  (See  Figures  .59  and 
60.) 

It  should  be  3  ft.  high,  21/.  or  .1  ft.  wide,  and  as  long  as  the  room  will  admit. 
It  should  have  a  sink  at  one  end  and  a  .slab  of  alberene  stone  near  the  centre  The 
latter  will  prove  useful  for  many  purposes.  A  number  of  gas-taos  should  be  ar- 
ranged along  the  edge.  Drawers  and  cupboaras  should  occupy  all' the  side  nearest 
the  teacher.  For  complete  details  as  to  material  and  structures  see  pages  Vl-76 
and  Figures  .59  and  60.  While  every  biologicl  laboratory  must  have  or  or  more 
aquaria,  they  certainly  should  not  occupy  •  Urge  p»rt  of  the  demonstrauon  bench, 
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u  they  do  in  many  Aineriian  high  Htlioolii.  Thii  bench  i»  UMually  not  situated  in 
the  most  ituitable  position  for  an  a<|uariuni,  whiih  would  l>i'  \<Ty  niucli  bi'tter  on  • 
Ktand  of  iU  own,  no  that  it  <au  be  moved  oljout.  Again,  nwh  an  ui|iiHriuni  occupiea 
M>  much  of  tiu-  In-nih  that  thiTu  i*  not  inough  npac-e  remaining  for  dumomttration 
purpooes. 

PLANT  H0U8B 

A  Huitublu  plaic  for  the  growth  of  plants  and  for  the  tarrying  on  of  experiment* 
in  pltint  i)hvHioh)gy  i^*  a  prime  nl•^•e*^it>  for  tlic  moiierii  liigh  school.  More- 
over, Ud  every  nehool  should  linve  deeonilive  (lowers  in  the  wintlowd,  tliere  tdiould  !« 
M>me  |>1h«c  lor  starting  them.  The  ordinary  mIrmjI  window  is  unsatisfaetory  for 
thin  pnriHKf.  Tiie  tem|>eriitun'  is  \iiriahie.  and  as  the  lire  ig  kept  h)W  or  let  out  at 
nights,  on  .Saturdays,  and  on  Sundays,  the  plants  are  likely  to  sulTer.  The 
humidity  of  the  ordinary  room  is  al*>  much  too  low.  the  condition.-)  approaciiing 
thoso  of  a  desert.  Moreover,  the  light  cannot  Ix-  proiHsrly  regulated.  In  spite  of 
all  these  drawbacks  much  can  he  done  even  in  an  ordinary  window.  However,  in  a 
conservatory,  the  li;;ht.  heat,  and  humidity  lan  1k'  regulated  to  a  very  large  extent. 
N'otliing  very  elaliorate  i.-  re(|uired.  and  it  will  not  increa.se  the  total  cost  of  the 
lalioratory  to  any  great  extent.  In  every  new  high  school  in  tiie  Province  an  en- 
deavour should  iie  made  to  have  a  gniall  conservatory,  if  it  is  only  a  hay  window, 
fitted  up  in  a  suitable  nninner.  Such  a  room  should  he  immediately  adjacent  to  the 
biological  laboratory  and  l)e  sitiuited  preferal)ly  on  the  east  or  south  side,  as  lliis 
gives  the  most  suitalilc  liglit  for  the  purpose. 


THE  BAY  WINDOW 

The  simplest  form  of  such  a  mom  is  a  l>ay  window  with  glass  on  three  sides 
and  in  the  roof.  It  is  divided  from  the  birlogical  lalmratory  by  a  glass  partition 
and  has  its  own  source  of  beat.  The  window  spare  is  as  great  as  possible,  the 
walls  hetwwn  the  windows  licing  only  wide  enough  to  give  the  requisite  strength. 
The  windows  will  come  to  within  two  feet  of  the  floor,  and  on  a  line  with  the  sill  is 
a  shelf  on  which  the  germinating  boxes  are  placed.  Beneath  this  shelf  are  placed 
the  heat  coils. 

THE  CONSERVATORY 

Suppose  the  biological  laboratory  is  situated  on  one  of  the  upper  floors  and  that 
it  consists  of  a  long,  narrow  room  running  from  north  to  south,  and  that  the  south 
end  of  it  forms  part  of  an  outer  wall  (Fig.  7a).  The  conservatory  should  he  placed 
at  the  south  end  of  this  room.  The  joists  under  the  floor  of  the  laboratory  project 
out  beyond  the  wall  fi  ft.,  and  are  strengthened  below  bv  bracket*.  On  these  the 
conservatory  is  supported.  It  is  6  ft.  wide  and  runs  along  the  whole  end  of  the 
lahoratory.  Tt  should  not  he  more  than  7  or  8  ft.  high.  The  windows  occupy  the 
whole  side  and  ends  to  the  fuUert  possible  extent.  The  sill  is  2  ft.  above  the  floor. 
The  latter  is  made  preferably  of  cement,  and  if  it  ha-s  a  slight  slope  toward  the  out- 
side along  which  is  a  gutter  leading  to  a  waste  pipe,  it  will  he  of  great  assistance  in 
carrying  off  spilled  water.  The  windows  in  the  side.=  and  ends  are  of  the  ordinary 
type.  The  roof  is  sloping  and  is  made  entirely  of  glass  supported  by  wooden  frames. 
There  are  no  cross  frames  of  wood  in  the  roof  windows,  but  the  several  panes  of  glass 
in  a  row  have  the  ends  overlapping,  the  lower  end  of  each  overlapping  the  end  of 
the  one  next  to  it.    By  this  arrangement  any  moisture  condensed  on  the  roof  will 
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run  out  iM-tWM'ii  tlu>  iMiies  hihI  not  drip  down  lielow.  Hhelvm  (Fig  7A)  at  the  heixlit 
of  the  window-iill  are  placed  right  around  the  room  exi-ept  oppoMite  tho  door,  and 
on  thew!  tlie  plant  lN>xvit  aro  supported.  Thew  ihclvet  am  prrferably  of  tlate  and 
rent  on  Htrong  iron  brat-keti.  If  ilate  increaae*  the  cost  too  much,  they  may  be  of 
«ypri>M  wo<hI,  aa  it  withitandi  dampneii  well.  The  iron  bracketit  muHt  Ite  quit* 
hoavy.  Near  the  middle  of  the  room  i«  a  (ink  (D)  with  hot  and  cold  water  taps. 
The  heating;  coiU  run  around  the  room  under  the  ihelf. 

Oalvanizod  iron  tray»  about  2  in.  in  depth  are  plac-ed  on  the  ahelves,  and  these 
contain  HlH)Ut  1  in.  of  coarxe  und.  On  this  the  flower-pot«  and  boxes  are  placed. 
The  Kand  in  the  tra.>>  should  alwayx  lie  kept  quite  inoiHt,  and  oervea  the  double  pur- 
pom;  of  increasing  iiuniidity  of  the  riMini  and  of  supplying  a  receiver  into  which 
the  flower-pots  drau.. 

The  heating  of  «uch  a  i-onservatiiry  is  a  matter  of  some  difficulty  under  the 
present  conditionn  of  the  Hinulier  scIkmiI!*.  It  U  alKiut  time  that  a  protest  should  b« 
entered  a^ainxt  the  prevailing;  custom  of  letting;  tireD  remain  out  from  Friday  until 
Monday.  The  -ichooi  should  certainly  lie  comfortalile  for  teachers  who  have  work 
to  ilo  on  Saturday.-.  Any  shvinx  of  fuel  by  allowing  tiren  to  no  out  at  the  week-end 
is  so  small  that  it  need  warcely  •*  considered,  as  the  extra  fuel  necessary  to  raise 
the  temperature  of  a  building  which  has  licconie  thoroughly  chilled  to  proper  room 
temperature,  is  al)out  as  much  as  would  lie  required  to  keep  it  warm  over  the  week- 
end. Moreover,  the  .^sses  from  frozen  pipes,  etc.,  may  lie  considerable.  Living 
plants  and  animals  are  ncceseities  in  the  biology  room  for  the  most  efficient  teach- 
ing; they  re(|uire  thai  the  rooms  should  never  lieaime  chilled,  and  for  that  reason  it 
should  Ik-  ronsidered  imperative  that  they  be  kept  throughout  the  winter  at  a  suit- 
able temperature.  If  the  school  is  heated  by  steam  or  hot  water  and  has  fires  over 
the  week-end,  the  conservatory  coils  may  be  connected  directly  with  the  boiler.  To 
secure  tlic  }-'\t  ■  It'.  !.ow".cr.  the  wmscrvntory  roils  should  have  a  separate 
heater,  which  may  be  located  in  the  basement  or  in  the  biolofrical  laboratory,  pre- 
ferably in  the  latter  if  a  gas  heater  is  used.  The  heater  should  never  be  plaued 
in  the  conservatory,  as  fumes  from  burning  gas  are  injurious  to  plant  life. 

It  is  preferable  to  use  gas  for  heating  if  it  is  at  f\\  available.  The  Vulcan, 
Kuud,  or  Fletcher  Ruswll  heaters,  which  cost  from  ten  to  twenty  dollars,  are  suit- 
able for  this  purpose.  They  may  have  attached  to  them  an  automatic  gas  regulator 
which  can  lie  set  for  a  definite  temperature,  and  this  will  keep  the  heating  uniform. 
The  Canadian  Rector  Heating  Co.,  of  Hamilton,  Ontario,  now  have  a  radiator  with 
a  gas  heater  and  thermosiat  attached;  the  heater  is  of  the  nature  of  a  Bunsen 
burner,  and  thn  fumes  pass  out-of-doors  through  a  flue.  The  thermostat  is  set  for 
any  temperature,  and  the  radiator  will  keep  the  room  constantly  at  that  tempera- 
ture. Such  an  arrangement  would  lie  most  suitable  for  a  conservatory.  In  order 
to  keep  the  air  humid  tliere  must  be  a  large,  exposed  water  surface  to  produce  a 
Bufficient  amount  of  evaporation.  The  trays  with  the  wet  eand  already 
mentioned  will  be  of  assistance  for  the  purpose.  Besides  these,  a  set  of  shallow 
pans  should  extend  around  the  room  beneath  the  shelf  and  above  the  radiator; 
these  are  kept  constantly  filled  with  water  and  thus  supply  a  large  surface  of  water 
for  evaporation. 

The  windows  in  the  roof  should  open,  so  that  the  air  can  be  rapidly  change*!    W. 
on  warm  days.    In  the  spring  the  windows  should  be  frosted,  so  that  the  too  great 
intensity  of  the  sunlight  will  be  softened;  this  can  be  rubbed  off  in  the  autumn 
if  it  has  not  already  been  worn  away  by  the  weather. 
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The  Wabdian  Cask 

While  nothing  will  replace  a  small  conservatory  and  the  smaU  expense  con- 
nected with  It  should  not  prevent  its  construction  whenever  a  small  secondary  school 
u  being  built,  a  Wardian  case  will  form  a  fairly  satisfactory  substitute  for  it  This 
Figures  69  and  70,  is  a  large  glass  case  standing  on  four  legs  and  placed  dos  vo 
a  large  window.  The  floor  is  composed  of  a  metal  box  filled  with  water.  U.  ler 
this  18  a  source  of  heat.    Figures  69  and  70  will  make  clear  all  the  details  of    ■  a- 
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^"J^i;~^'"".'"®2„•^^**■     "•  Inclosed  ghelf  containing  burner      H    Copper 
tank   nearly  flUed  with  water.     K.  OUss  side.     L    Hinge   of  top 

stniction.  The  size  wili  I,  determined  somewhat  by  the  dimensions  of  the  window 
against  which  it  is  to  b.  "'iced  and  also  by  the  number  of  plants  to  be  grown  in  it 
The  one  represented  ir  ae  Figure  is  about  6  ft.  Iqng,  2  ft  wide,  and  4  ft.  high 
It  IB  not  wise  to  make  .t  all-  '  igher  or  wider  thai  this,  but  the  length  wUl  be 
•determmed  by  the  avaiUble  -.  .dow-space.  Ic  should  be  constructed  very  tight, 
4ind  the  framework,  while  strong,  should  be  narrow,  so  that  the  glass  surface  may 
he  ae  large  as  possible  in  order  to  permit  the  maximum  light  to  penetrate  the  case. 
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A  tightly-fitting  door  (P)  is  placed  on  the  side  away  from  the  window.  The  top 
(R)  has  a  slope  toward  the  window.  This  is  hinged  so  that  it  can  be  lifted  up 
to  give  good  ventilation  or  to  let  the  air  within  escape  if  it  becomes  overheated. 
The  bottom  is  composed  of  a  copper  or  galvanized  iron  tank  (H)  entirely  closed 
except  for  a  small  opening  through  which  it  can  be  filled  with  water.  Beneath 
this  is  a  shelf  protected  from  draughts  by  inclosed  sides  (Q).  On  this  is  placed 
the  heater.  Where  gas  is  available,  a  strong  Bunsen  burner  is  most  suitable,  but  a 
properly  constructed  coal-oil  lamp  will  serve  the  purpose.  The  heater  is  kept  burn- 
ing only  when  the  school  heat  is  low,  as  at  night  and  during  week-ends,  and  must  be 
turned  up  so  as  to  give  the  right  temperature  within.  The  height  to  which  the 
Bunsen  or  lamp  is  to  be  turned  can  only  be  learned  by  practice.  If  it  is  heated 
by  gas  an  automatic  regulator  can  be  introduced. 

The  framework  of  such  a  case  will  usually  be  of  wood,  though  iron  would  bo 
preferable  if  the  expense  of  the  latter  was  not  considered  too  great. 

Museum  Cask 

Exhibition  cases  are  necessary  for  displaying;  the  specimens  of  plants  and 
animals.  Where  there  is  an  extensive  collection,  several  cases  are  necessary,  and 
these  will  be  ditrcrent  for  the  diderent  kinds  of  material;  birds,  mammals,  fishes, 
minerals,  and  plants  all  require  ditTeient  forms.  In  this  Ediicnlionnl  I'umphJet 
will  be  described  iiiusoum  cases  such  as  arc  suitable  for  a  school  in  which  one  case 
contains  all  the  animal  specimens  and  in  wliicli  a  second  case  contains  the  system- 
atic collection  of  plants  of  the  district.  These  will  be  the  conditions  obtaining  in 
all  but  tlie  largest  schools. 

Figure  71  shows  a  complete  plan,  elevation,  and  sectional  drawing  of  such  an 
animal  case.  It  represents  one  built  apainst  a  wall.  Tlie  first  condition  is  to  have 
an  al)undance  of  light,  the  next  is  to  have  the  case  so  ti<rhtly  constructed  that  it  is 
dust-  and  iiise(rl-])n")f.  The  case  described  is  tl/i-  •"'•  '"'.-''•  '•'"1  I'O'  ?i'''':>t'r  lieisht 
is  not  to  be  recommended.  It  is  about  3  ft.  in  deptli :  with  such  a  depth  shelves 
can  be  arranged  on  ca.  b  side,  and  it  is  possible  to  get  into  tbe  case  to  arrange 
the  material.  The  lenprth  will  bo  determined  by  the  space  it  is  to  occupy  and 
the  number  of  specimens  to  be  exhibited.  The  whole  front,  ends,  and  top  are 
made  of  glass,  the  wooden  framework  l)oing  as  narrow  as  is  consistent  with  tlio  re- 
quisite strength.  The  panes  of  glass  are  made  as  lar<:e  as  nossiltle  in  order  to  jrive 
an  unobstructed  view,  and  plate  glass  is,  of  course,  most  suitable  for  the  puriv 
For  panes  of  double  dipmond  glass  as  large  as  those  represented  in  the  Figu 
supports  of  wood  2  in,  wide  and  1  in.  thick  are  necessary  a.ul  are  sutTiciently  liirijo 
There  is  no  necessity  to  have  largo  or  numerous  doors.  One  door  occupying  the 
lower  half  of  the  middle  panel  has  proved  quite  satisfactory.  Tiie  objections  to 
large  doors  are  that  they  never  fit  so  tightly  as  the  glass  panels  do.  and  that  they 
diminish  the  amount  of  shelf  space  in  front  of  the  case.  The  shelves  aro  prefer- 
ably of  plate  glass,  for  wooden  shelves  cut  off  too  mueli  light  from  the  parts  below. 
The  plate-glass  shelves  are  polished  on  one  edge  and  are  from  8  to  10  in.  wide. 
Those  at  the  front  are  stationary,  and  are  placed  one  well  above  and  the  -otlier 
well  below  the  eye,  so  that  there  will  be  little  interference  with  the  view  of  the 
shelves  at  the  back  of  the  case.  The  ba<k  ehelvcs  jihonld  be  adjustable  in  height. 
The  best  arrangement  for  fasteninsr  the  adjustable  shelves  is  to  fasten  vertically 
along  the  hack  of  the  case  metal  shelf-strips  -with  sockets  into  which  metal  brackets 
fit.  The  heights  at  which  these  shelves  are  placed  will,  of  course,  depend  n  the 
size  of  the  specimens. 


122 


LABORATORY  ACCOMMODATIOTf 


MUSEUM  CASE 


1S8 


Every  precaution  must  be  taken  to  keep  dust  and  intects  out  of  the  case.  The 
material  for  its  construction  should  be  very  carefully  selected,  and  it  should  be 
put  together  in  the  most  approved  method.  The  wooden  framework  must  be  per- 
fectly dry  and  of  b  kind  that  will  not  warp,  shrink,  or  crack.  Teak  is  the  best  for 
the  purpose;  maple  and  pine  are  also  good.  The  weak  point  ia  usually  the  back. 
The  tendency  is  to  put  in  an  inferior  quality  of  tongued  and  grooved  materi"'.  in 
this  part,  and  when  it  shrinks  in  drying  the  tongue  and  groove  pulls  apart,  knota 
drop  out,  and  the  duat  accumulates  within,  through  all  these  openings.  Thoroughly 
dried,  tongued  and  grooved  boards  at  least  %  in-  thick  and  quite  narrow  are  to 
be  placed  in  this  part.  Much  infiltration  of  dust  takes  place  also  . .,  the  joints 
between  I  lit-  <ilas3  and  the  wood.  Figiuo  72  shows  a  joint  which  can  be  made 
dust  proof.  The  glass  (M)  is  not  applied  directly  to  the  wood,  but  fits  against  a 
pad  of  felt  which  is  glued  to  the  underlying  wood.  The  stops  (K)  are  bevelled  to 
an  edge,  and  thus  there  are  no  projerting  ridges  to  lodge  dust  which  would  gradu- 
ally work  through.  The  door  should  also  fit  tightly  against  a  felt  pad.  The  in- 
terior should  be  painted  pure  white  with  a  paint  containing  no  lead,  and  it  should 
be  finished  with  a  slight  egg-shell  gloss. 


Z:^ 


Section  Showino  How  GtAst  /s  /^aoe  Dust  Proof 

Pit  72.— Section  through  a  part  of  f^h  of  museum  case  showing  the  method  of  fixing 
glass  that  there  may  be  a  dust-proof  Joint.  H.  Sash.  K.  Bevelled  stop.  L.  Pad  of 
felt.     M.  Pane  of  glass. 

Herb.\rium  0.\Btxi:T 

The  herbarium  cabinet  is  represented  in  Figure  73.  In  every  high  and  con- 
tinuation school  a  collection  should  be  made  of  dried  and  pressed  specimens  of 
all  the  flowering  plants  of  the  district.  These  will  be  of  great  assistance  to  the  pupils 
in  identifying  the  specimens  they  have  to  collect.  Not  only  the  flowering  plants 
but  also  the  ferns,  horsetails,  and  the  common,  fleshy  fungi  should  be  pressed. 
The  drawing  represents  a  case  with  compartments  for  these  different  kinds  of 
material.  The  case  is  4  ft.  1  in.  high,  2  ft.  11  in.  wide,  and  1  ft.  10  in.  deep.  It 
has  a  pair  of  doori?  which,  when  open,  leave  the  whole  front  surface  of  the  interior 
exposed.  This  consists  of  two  rows  of  shelves  or  drawers.  In  the  Figure  they  are 
represented  as  shelves,  and  these  possess  certain  advantages  over  drawers.  These 
shelves  (R)  move  freely  in  the  horizontal  grooves  in  the  uprights  on  each  side  of 
them,  so  that  they  can  be  pulled  out  like  drawers.     Each  shelf  gives  a  storage 
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w   ?f  [  "!  "^P"«^*'  »  «>"*  »1»«°  the  shelf  is  pulled  out  the  uped^^Sa 
not  slide  back.    IJi,  shelf  arrangement  is  much  cheaper  Uuui^^^Td  tt« 

If  the  doors  fit  quite  snugly  against  felt  pads  the  case  wiU  be  almost  dust-p«5   At 

A 


^i^^'^'^^^'^'^'-'-^'-'-^^^^^:B 


(F)  ar«  two  shelves  having  a  partition  (T)  running  from  front  to  back-  thev  ako 

Zf^,  fi.     .        ^      i    *.^^  partition  on  which  two  drawers  (P)  rest.    These 

Slid  ifj.n-r  "'  ^r^-    ^^  ^^y  ^"'''^•'  "««'  '>«^°?  mounted  on^eeto^ 
fnif  J  -f  r^    !  envelopes,  and  these  are  placed  on  edge  in  these  drawers     tS 

rs^i^rtr/^^throatiS:;:;  -  --"«^-  ^^^  -^^^  -^  ^  ^ 


AQUARIUM  TABLE 
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Aquabium  Taulk 

The  high  school  of  the  future  will  undoubtedly  spend  much  time  in  the  study 
of  living  plants  and  animals,  and  then  the  aquarium  will  play  a  prominent  part 
A  table  that  has  been  found  particularly  convenient  is  illustrated  in  Fi<'ure  74 
Pupils'  aquaria  are  placed  on  this  table  to  be  filled,  washed,  or  to  have  the  water 
changed.  The  top  has  a  raised  beading  passing  around  the  edge  to  prevent  the 
water  from  running  over.  There  is  a  sink  (A)  near  the  middle,  and  there  is  a 
sli^'ht  slope  from  both  ends  toward  the  sink.  On  this  top,  a.|wiria  can  b.  ■  mptied 
or  overflowed  without  fear  of  the  water  running  over  the  edge.  Running  above  the 
top  of  the  table  for  half  its  length  is  a  water-pipe  with  taps  (D)  along  it.  Thia 
table  will  usually  i)e  placed  against  the  wall  and.  in  that  case,  an  apron  runs  alon« 
at  the  back  of  it.  '  s 

The  height  should  be  3  ft.,  the  width  about  ■>  ft.,  and  the  length  will  be  suited 
to  the  needs  of  the  particular  school.  The  top  should  be  of  material  at  least  2  in. 
thick  at  the  edges  and  hollowed  out  to  a  depth  of  a  little  over  1  in.  The  best 
material  for  this  is  white-woo.1,  the  product  of  the  tulip-tree.  The  top  is  to  be 
made  of  narrow  strips  fastened  firmly  together  by  waterproof  glue.  The  wood 
must  be  thoroughly  seasoned  before  being  used  for  this  purpose. 

OTHEB  TABLES 

Several  other  tables  may  be  used  to  advantage  for  such  purposes  as  holding 
aquaria  and  vivaria,  for  setting  up  experiments  in  vegetable  physiology,  and  for 
demonstrations.  Thes-e  may  be  made  very  simple  or  may  have  drawers  and  lockers 
under  them   if  required. 


RTORAOE   CABINET 

A  good  deal  of  storage  space  is  required  in  which  to  place  plant  and  animal 
material  for  dissection,  apparatus,  etc.  A  cabinet  exactly  similar  to  the  one  used 
for  chemical  apparatus  is  quite  suitable.  This  has  been  already  described  and 
ilhistrated  on  pages  79-81. 

SITUATION  OF  ROOM 

If  possible  a  room  should  he  chosen  with  windows  on  two  or  even  three  sides 
and  a  room  with  windows  on  the  south  and  east  is  best.  One  suitable  position  for 
a  biological  laboratory  lias  tweii  .niggcsted  on  page  113,  where  the  hall  runs  east  and 
west.  If  the  hall  runs  north  and  south  in  the  building  and  the  science  rooms  are  on 
the  east  side  of  the  hall,  then  the  south-eastern  room  would  be  the  one  to  choose  for 
biology.  Figure  75  represents  a  plan  of  a  room  in  this  position.  It  has  one 
door  on  the  west  side  loading  into  the  hall.  The  south  end  of  the  room  is  com- 
pletely occupied  by  a  ronservatorv  (A),  and  so  will  ]^e  made  of  glass;  the  east  side 
which  IS  used  largely  for  lighting  the  pupils'  benches,  will  have  as  many  and  as  high 
window  as  possible,  except  for  a  narrow  space  flt  the  north  end,  which  is  the  front 
of  the  room  and  occupied  by  the  demonstrator's  bench  (K). 

The  size  of  the  room  will  depend  upon  its  uses.  If  it  is  to  be  utilized  entirely 
for  Upper  School  work  and  the  classes  are  small,  a  room  of  the  dimensions  shown 
in  Figure  76  will  be  appropriate;  but  if  it  is  to  be  used  for  Lower  School  biology, 
as  should  be  the  case,  or  if  for  a  large  school,  then  a  room  88  ft.  by  41  ft.,  as 
represented  in  Figure  75,  will  prove  more  suitable. 
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\°IK-  "i,^  ^-  ^°^^  simple  tables  for  aquaria,  ptr.  F.  Pupils'  bench.  O.  Aquarium 
table.  H.  Demonstration  beneh.  K.  Teacher's  bench.  J  and  L,  Museum  oaws.  M. 
Apparatus  case.      N.    Blackboard. 
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Figure  75  shows  a  room  furnished  with  the  individual  beuclies  and  Figure  76 
one  furnished  with  the  wedge  benches.  While  both  benches  are  serviceable,  the 
individual  ones  are  to  be  preferred  for  several  reasons.  The  discipline  will  b« 
easier,  and  the  light  will  be  better  and  from  s  more  suiUhlo,  direction,  as  it  cornea 
from  the  front  rather  than  from  the  side.  W.Ue  in  the  ordinary  class-room,  side 
light  18  always  demanded,  in  the  biological  laboratory  the  work  is  so  different  that 
a  side  light  would  usually  be  more  trying  on  the  eyes  than  one  in  front.  The 
practical  work  in  the  Ontario  High  Schools  consists  almost  entirely  in  dissecting 
plants  and  animals,  and  if  the  light  is  from  either  side  the  object  viewed  is  always 
in  the  shadow  of  one  of  the  hands.  This  is  particularly  irritating  when  workng 
with  a  lens  where  bright  lighting  is  required.  Where  the  individual  benches  are 
u«Hl,  as  111  Ki-ure  75,  they  face  oast.  'Ihe  twenty-four  benclios  (F)  are  arran-^cd 
III  four  rows  of  six  each.  In  order  that  a  pupil  may  not  be  in  the  shadow  of  the 
one  m  front  they  are  arranged  in  quincunx,  one  row  being  opposite  the  spaces 
between  the  benches  in  front.  There  is  a  lateral  space  of  22  in.  between  adjoin- 
mj?  seats  in  the  same  row  across  the  room  and  3  ft.  between  each  two  rows  in 
order  to  give  sumcient  room  for  the  teacher  to  pass  freely.  The  natural  position 
for  the  demonstrator's  bench  (K)  is  at  the  north  end.  When  a  pupil  faces  east  it 
18  a  very  simple  matter  to  wheel  through  90°  and  face  north  and  still  have  the 
use  of  the  bench  for  writing,  as  the  latter  is  then  to  his  right  hand,  while  if  one 
wlicelcl  in  the  opposite  direction  the  bench  could  only  be  used  with  great  incon- 
venience, as  It  would  be  situated  to  the  pupils'  left.  Behind  the  demonstrator's 
ben.h  IS  the  black-board  (N),  and  in  the  comer,  on  his  right,  is  a  storage 
cai.inot  (M).  This  being  so  close  to  his  bench  will  make  the  apparatus  convenient 
for  use  The  museum  cabinet  should  be  in  a  position  where  adequate,  though  not 
direct,  lijrht  will  shine  in  from  the  front  and  ends.  Two  such  cabinets  arc  in  a 
g.K„l  position  in  Figure  75.  Tlie  aquarium  table,  Figures  75  and  7G.  is  placed 
alon-  the  east  side  under  the  windows.  The  specimens  in  the  aquarium  are  tlius  in 
a  good  light  for  the  pupil,  and  the  table  is  in  a  suitable  position  to  receive  ap- 
paratus for  physiological  experiments  with  plants.  The  table  (11)  is  also  to  be 
us..rt  for  the  same  purpose,  and  is  placed  in  a  part  of  the  room  less  brilliant'- 
'"  II  ■  u  '^  "'^"  '"  "  """"^  position  for  holding  mpiaria.  E.  E.  E.  E.  represent 
small  tables  that  may  be  used  for  various  purposes.  The  conservatory  is  shut  off 
by  glass  at  the  south  end,  and  it  is  entered  by  a  door  in  the  middle.   " 

Figure  7fi  shows  a  plan  of  a  much  smaller  room.  Tt  represents  the  south-east 
coriHT  in  a  school  where  the  main  hall  runs  east  and  west  and  has  class-rooms  on 
each  side  of  it.  It  is  represented  as  being  equipped  with  the  wedge  benches  (C),  in 
onTcr  to  show  how  they  are  arranged.  One  is  placed  opposite  eaeli  of  the  large 
double  windows  with  the  broad  end  toward  the  light.  The  pupils  are  arranged 
alon^  each  side  and  one  may  be  placed  at  the  small  end.  The  space  between  the 
benches  is  3  ft.  wide  at  the  broad  end  and  5  ft.  wide  at  the  narrow  end;  this  allows 
easy  passage  for  the  teacher  between  the  benches.  The  position  of  the  demon- 
strator s  bench  (0).  the  mnseiiin  cabinets  (,T),  etc.,  call  for  no  comment  \t  the 
south  IS  a  bay  window  in  which  a  Wardian  case  (B)  is  placed.  Such  a  laboratory 
IS  meant  to  accommodate  fifti^en  pupils. 

If  the  wedge  benches  are  used  in  a  laboratory  to  accommodate  a  class  of  twenty- 
five  pupils,  it  should  be  a  long,  narrow  room  with  five  large  windows,  preferably 
on  the  east.  A  bench  is  placed  opposite,  each  window,  as  in  Figure  76.  Such  a 
room  may  lie  difficult  to  arrange  for  in  a  school  building  as  ordinarily  constructed. 
If  a  ball  runs  <M-;t  and  west  with  class-rooms  on  each  side  of  it.  then  the  biology 
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Fig.  76.— Ground  plan  of  a  small  biological  laboratory.  B.  Wardlan  case.  C.  StudentaJ 
wedge  benches.  D.  Table  for  botanical  experiments.  E.  Aquarium  table,  u.  Teacners 
demonstrRtlon    bench.      H.  Black-board.      J.  Museum    case.      K.  Apparatus    cabinet 
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room  raih'ht  extend  rijjlit  atrosg  tlie  uiut  fud  ..f  tlu-  *<hool,  the  hall  iiol  ninning 
right  to  the  east  end,  but  terminating  at  th.'  l.iolo;rv  r.M)m.  A«  the  room  doe*  not 
require  to  be  more  tha..  18  or  20  ft  wide,  it  «rill  only  occupy  a  moderate  amount 
of  space. 

The  above  description  is  of  a  biological  lalH.ratory  thoroujjhlv  cciuipped.  All 
of  the  furniture  niij,'ht  be  gimplified.  and  some  of  the  article*  might  be  omitted 
aito<'ethcr. 


CHAPTER  VII 

LECTURE-ROOM 

USES  AND  ADVANTAGES 

The  advuutages  of  tdding  a  science  lecture-rcxjin  to  tlie  several  Inboratories 
ill  iiijrh  wliooU  and  collejfiato  institutes  are  Itecoiuinj;  more  and  more  apparent. 
AVlien  the  teaclior  is  perforniiii);  an  experinifnt,  it  is  necessary  to  have  the  ]>upiU 
as  close  aa  possihie  to  the  liench,  as  the  phenoniena  to  he  ohservcil  are  frequently 
only  visible  at  a  short  distance.  Jf  seated  in  the  lahomtory,  those  towanl  the 
hack  of  the  room  i)rohalily  cannot  see  the  details  as  well  as  they  should.  In  a 
leeturo-room  the  pupils  are  all  orranjjed  compactly  and  are  close  to  the  demon- 
strator's bench.  Such  a  room  is  also  much  more  convenient  for  demonstrating 
with  the  lantern,  as  the  li^'ht  can  be  more  effectively  controlled,  and  the  view  of  the 
wreen  is  more  iicrfect.  A  still  stron.i.'er  ar^niment  for  the  lecture-room  is  tlin  fact 
that  it  leaves  the  laboratories  fret'  for  other  science  classes.  This  is  a  consiileriition 
of  jrreat  imjwrtanee  in  largo  whools  where  there  are  several  science  teachers,  and 
the  classes  in  physics  and  chemistry  are  numerous.  Such  a  room.  e(piipi)ed  with  a 
lantern,  can  be  used,  moreover,  not  oidy  for  science  work  but  for  other  illiistnited 
IcsMins  III  !frco!,'riipliy  and  history.  If  spme  can  lie  spared  to  make  the  room  capatde 
of  seating  eighty  pupils  or  more,  it  may  lie  used  for  combined  classes  for  lantern 
work   as  well  as  for  meetinjrs  of  the  literary  society,  etc. 

SITUATION 

When  there  is  a  single  lecture-room,  as  will  usually  be  the  case,  it  should  be 
s'ituati'd  between  tlie  pliysical  and  the  chemical  laboratories  and  should  he  aicessihle 
from  each.  When  each  of  these  laboratories  has  a  store-room,  these  latter  are 
I'laced  between  their  laboratories  aiul  the  lecture-room,  so  that  the  apparatus  will 
be  handv  for  use  in  both  rmims.  The  front  of  the  lecture-room  is  situated  next  the 
store-room  for  physical  apparatus,  as  this  ajiparatus  is  the  heaviest  and  most  delicate 
mill  slioiild  be  carried  alxiut  as  little  as  possible.  Tn  the  rare  cases  in  which  there 
is  a  lecture-room  connected  with  each  labonitory.  the  store-room  will  be  iietweon 
the  two. 

LIOHTINO 


This  should  be  one  of  the  best  lipjhtod  rooms  in  the  school,  as  the  details 
of  apparatus  and  experiments  on  the  instructor's  bench  have  to  ho  observed 
carefully  even  from  the  baik  of  the  room.  The  best  liirht  is  that  from  above  and, 
where  a  .=;kyli>;ht  is  at  all  possible,  it  shoulil  always  be  utilized.  .\  larjre  \rindow 
will  be  constructed  in  the  centre  of  the  ccilintr.  Where  lateral  lisjht  is  used,  either 
wholly  or  in  combination  with  a  skylight,  it  is  placed  to  the  left  of  the  pupils. 
The  side  windows  (Fig.  78)  are  made  as  large  and  as  dose  together  as  possible,  and 
should  extend  from  3  ft.  above  the  floor  right  to  the  ceiling.  It  is  a  serious  defect 
in  any  school  window  to  have  a  large  space  between  its  top  and  the  ceiling,  as  this 
upper  light  is  the  most  useful  in  illuminating  the  far  side  of  the  room,  where  it  is 
most  needed.     One  window  is  placed  opposite  the  demonstration  bench,  so  that  a 
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Hood  of  lif,'lit  will  illuiiiinato  the  apporBtim  on  thii.  Every  lecture-room  ihould 
alio  be  will  lighted  by  electric  lightj.  Thews  ihould  be  auapended  iingly  from  th« 
ceiling  and  <li»tributed  evenly,  to  that  every  part  will  l)e  equally  brijrht.  A  row 
of  hghti*  extend*  immediately  above  the  demonntration  bench.  All  i  •  lifflit*  are 
controlled  by  switchcM  from  Iwth  the  U'achcr'g  bench  and  the  lantern  table  aud 
are  thrown  out  in  •cction*.  one  iniall  ict  bt-ing  left  ahining  when  the  lantern 
ia  in  use,  »o  that  the  rocm  will  k-  sutliiifritly  lighted  to  allow  the  making  of  notea 
and  drawings,  while  not  being  «o  bright  aa  to  interfere  with  the  crinpnoM  of  the 
picture  on  the  Hiat-n.  This  set  of  light*  Im.s  opuque  nhndes  which  ( ut  olT  nil  direct 
light  from  the  laiittTii  !«crccn  in  front.  'Vhvov  .loctric  lights  arc  ahsolut.>lv  necea- 
Mry  whcro  dark  Hinds  are  used  for  liuitern  work,  as  it  i*  iutoUraldf  to  U;"  railing 
and  lowering  th('.*o  Idinds  every  few  iniiiut4-H.  There  should  l)e  no  glass  doore  or 
tramonis  with  glass  in  the  lecture-nx.m,  a->  the-!o  priMent  it  from  being  properly 
darkened  for  Innte'ii  work. 

Dark  Hlinds 

Besides  the  ordinary  blinds  (Fig.  80,  F)  on  Ihe  windows,  the  lecture-room  is 
fitted  with  opaque  blinds  (K)  to  darken  tht  room;  they  arc  used  only  for  this  pur- 
pose ond  are  left  raised  at  all  other  times,  the  ordinary  blinds  being  always  utilized 
to  soften  the  direct  sunlight.  Those  dark  hlinds  ore  required  not  only  for  work 
with  a  lantern   hut  also  for  many  experiments  in  optics  and  chemistry. 

There  arc  several  varieties  of  dark  blinds.  The  arrangement  will  depend  some- 
what on  the  po'jjtiori  of  the  windows.  The  most  suitable  position  is  that  in  which 
the  windows  are  in  one  continuous  series  (Fig.  80)  with  no  wall  space  lying 
between  members  of  the  series;  then  a  single  wide  blind  (Fig.  SO.  K)  serves  to 
(■over  all  the  windows.  Where  there  are  several  separated  wimiows.  eaeh  roipiires 
its  own  blind.  Dark  blinds  are  sometimes  made  of  wooden  shutters  composed  of 
several  vertical  pieces  liinged  together  so  that  they  fold  back  when  not  in  use. 
Thes(!  are  not  to  bo  recommended,  for  they  are  clumsy  and  unsightlv.  .slow  to 
adjust  and,  no  matter  how  accuratelj-  they  are  made  to  fit,  they  will  goon  shrink, 
warp,  and  crack,  so  th.U  they  will  not  exclude  all  the  light  when  closed.  The  best 
material  is  an  opaque  cloth  made  csj>ccially  for  the  purpose,  which  can  be  purchased 
I'mm  rcjiilar  dealers  111  window  hlinds.  This  material  should  be  heavy  and  strong 
and  of  such  a  character  that  it  will  not  crack.  Figure  77  shows  a  blind  complete. 
A  wooden  frame  (Fig.  80,  P)  entirely  surrounds  the  blind.  This  frame  is  fastened 
to  the  window  frame.  At  the  sides  the  two  wooden  slats  forming  the  front  and 
back  of  the  frame  have  a  narrow  slit  between  them  (Fig.  77)  within  which  the 
blind  slides;  the  blind  should  extend  at  least  3  in.  into  this  slit.  The  bottom  also 
has  a  slit  within  which  the  bottom  of  the  blind  rests  when  it  is  down.  The  top  of 
this  frame  forms  a  box  entirely  closed  except  below.  Into  the  ends  of  this  box 
the  roller  of  the  blind  is  attached.  The  interior  of  this  box  as  well  as  the  faces 
of  the  lateral  and  lower  pieces  toward  the  slit  are  painted  a  dead  black,  so  that 
there  will  be  no  leakage  of  light  around  the  margin  of  the  blind.  In  the  lower 
margin  of  the  blind  is  placed  an  iron  rod.  whose  weight  keeps  the  surface  taut. 

The  mechanisms  for  raising  and  lowering  the  blinds  are  varied  and  depend  on 
the  number  of  biind=!  and  their  arrangement.  The  most  f-  |uent  method  is  to 
have  each  on  an  ordinary  spring  roller  by  which  it  is  raised  and  lowered  as  is 
an  ordinary  blind.  Tn  such  a  case  a  hole  pierces  ttie  middle  of  the  lower  frame 
through  which  a  cord  attached  to  the  lower  part  of  the  blind  passes,  and  it  is 
lowered  by  this  cord.     It  is  very  dilTicult  to  get  such  blinds  to  begin  moving  tip  if 
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they  are  pulled  down  to  the  bottom  of  the  frame,  and  they  are  frequently  torn 
during  the  operation.  Where  it  is  necessary  to  raise  and  lowc-  the  blinds  frequently 
during  a  lesson  perioii,  the  working  of  each  blind  separately  is  inconvenient.  The 
ideal  method  is  to  have  all  the  blinds  working  on  a  single  shaft,  which  is  manipu- 
lated from  the  front  of  the  room  near  the  teacher's  bench  (Fig.  77).  Where  the 
windows  are  covered  by  a  continuous  blind  this  is  very  easily  arranged.  A  apring 
roller  has  a  pulley  rigidly  attached  to  the  end  whicii  is  toward  the  front  of  the 
room.  A  heavy  cord  winds  around  this  pulley,  with  one  end  attached  to  the 
pulley.  The  dogs  on  the  end  of  the  roller  tiiat  catch  it,  leaving  the  blinds  at 
(liirerent  heights,  are  removed.  When  it  is  necessary  to  lower  the  blind,  a  i)ulling  of 
the  cord  causes  the  pulley  to  turn  and  the  blind  lowers:  wlu'ii  the  cord  is  loosened, 
the  spring  will  cause  the  blind  to  rise.  The  free  end  of  the  cord  must  be  firmly 
rastcued,  so  that  the  bottom  of  the  l)lind  will  not  ^'o  so  high  as  to  pass  clear  over  the 
roller.  Such  a  blind  should  have  a  heavy  bar  of  iron  in  a  slit  at  the  bottom  so 
as  to  ;rivp  it  wciirht.  Another  methoil  by  which  it  may  l)e  raised  and  lowered  is  by 
means  of  a  second  pulley  and  crank  at  the  base,  as  illustrated  in  Fignre  77  and 
I'i^'ure  so,  (K)  :  in  this  ease  no  s])rins  i"  the  roller  is  necessary.  Where  there  are 
Mvernl  windows  with  interveniiij;  wall  spaee,  the  best  method  of  raising  and  lower- 
ing the  dark  blinds  is  illustrated  in  Figure  77.  Each  blind  has  its  own  roller;  these 
have  no  springs  in  them  but  are  made  light  and  strong.  Rods  project  from  the  ends 
of  each,  and  these  rods  turn  in  bearings  attached  to  the  walls  by  brackets.  The 
-everal  rollers  are  cunnected  by  (ouplinjis.  so  that  they  all  form  a  single  shaft.  A 
jiulley  is  attached  to  the  end  of  the  shaft  toward  the  front  of  the  room.  A  wire 
iiipe  fixed  to  the  upper  pulley  passes  vertically  down  and  is  fastened  to  a  lower 
pulley  to  whicli  is  attached  a  crank  for  winding  it  up.  All  the  blinds  are  thus 
operated  by  this  crank  at  one  time.  When  it  is  required  to  raise  the  blinds,  the 
wire  is  wound  up  <iii  the  lower  pulley.  Each  blind  has  an  iron  lath  in  the  bottom, 
whicli  has  weight  enough  to  pull  the  blind  down,  so  that  all  that  is  necessary  to 
do  in  ord(>r  to  lower  the  blinds  is  to  liberate  the  cmnk  and  allow  the  pulley  to 
turn  freely.  Tn  some  schools  the  blinds  are  raised  and  lowered  by  an  electric 
motor.  Tt  is  only  necessary  to  close  the  switch,  when  the  blinds  lower,  and  to  open 
it  in  order  to  cause  them  to  rise  again. 

Where  there  is  a  skylight  the  manipulation  of  the  dark  blinds  is  not  diffi- 
rnlt.  The  skylight  in  the  ceiling  is  always  overarched  by  a  skylight  in  the  roof. 
An  ordinary  dark  blind  with  its  roller  is  placed  al)ove  the  skylight  in  the  ceiling, 
tlie  former  sliding  over  the  frame,  its  weight  keeping  it  close  to  the  surface  of  the 
Trame.  It  is  operated  by  a  string  sliding  over  pulleys.  Where  there  are  dark 
lilinds  on  both  side  windows  and  a  skylight,  it  is  possible  sometimes  to  wind  the 
cords  controlling  them  on  the  same  pulley. 


DEMONSTRATOR'S  BEJNCH 

The  demonstrator's  bench,  Figure  80,  is  placed  across  the  front  of  the  roim, 
aixuit  three  or  four  fei't  from  the  Idack-board.  Tt  nnist  not  be  i)laced  too  close  to 
the  pupils'  seats,  as  the  nearer  it  is  to  the  front  row  of  seats  th"  greater  the  rise 
for  the  succeeding  tiers.    It  should  never  be  placed  on  a  ]ilatforin. 

Ir'.  all  details  it  resembles  the  physical  and  chemical  laboratory  demonstration 
liciiches  already  fully  described  on  pages  71-76,  and  illustrated  in  Figures  42,  43, 
59.  and  60. 

Three  feet  Is  the  most  convenient  height  for  this  bench  and  three  feet  a  con- 
venient width,  since  it  should  not  be  too  wide  for  the  demonstrator  to  reach  across 
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it  easily  when  standing  behind  it.  It  should  he  niudf  hvng  enough  to  set  up  ou 
it  at  the  same  time  apparatus  for  several  denum.-t rations,  as  frctiuently  some  of 
this  apparatus  lias  to  remain  there  for  several  days;  therefore,  a  large  top  surface 
is  re(|uired. 

ITie  top  should  be  made  of  hardwood  2  in.  thirk.  In  order  that  there  will  be 
no  \vari>iii^',  sjirinking.  or  cracking,  it  is  ooniiMiscd  of  tliin  strips  glued  and  dove- 
tailed together.  The  glue  >houl(l  be  waterjiroof  (see  recipes  page  II).  The  wood 
must  he  thoroughly  ^easolH'd.  Teak  is  l)y  far  tiic  best  material  and  is  used 
almost  exclusively  iu  English  bench  tops,  ilaple  and  birch  are  almost  exclusively 
used  in  Canada  and  the  T'nited  States  and  an  fairly  satisfactory,  though  not 
comjaiiilile  with  teak.  (Jcoriria  pine  of  tirst-clu>s  (|U,ility  is  a  material  which  gives 
excellent  satisfaction:  it  is  hard,  non-porous,  and  does  not  shrink,  warp,  nor  crack 
to  any  great  extent.  The  top  should  have  a  drip  on  the  under  surface  in  the  form 
of  a  fluted  groove  running  completely  around  about  1  in.  from  the  edge.  The 
edges  are  stpiared  and  project  only  slightly  in  front,  but  at  the  ends  and  siile 
toward  the  demonstrator  they  project  4  or  ,'>  in.  beyond  the  body  of  the  bench. 
The  top  is  perfectly  flat  and  continuous  with  notiiing  projecting  al>ove  except  the 
water-tap;  all  sinks,  flues,  etc.,  are  closed  with  llush  covers.  Towiinl  tli  •  centre 
of  the  top  a  slab  of  alberene  stone  ( l''ig.  .sO,  L)  is  set  in  the  top  aiul  ilnsli  with  its 
surface.  This  .slab  is  .'?  or  I  ft.  long  ;ind  almost  a>  widi'  as  the  Immi  h.  It  has 
openings  for  a  small  sink  and  a  fume  fliie  as  shown  in  Figure  80.  These  can  both 
be  covered  with  flush  tops.  A  depression  (Fig.  W,  M)  to  lie  used  as  n  nicnury  tray 
is  sometimes  inserted  in  the  top.  This  dciires-ion  is  (inite  slinHow  jind  has  a 
gentle  slope  to  one  edge,  and  along  this  edge  is  a  furrow  which  ih'cpens  toward 
the  back,  wliorc  there  is  a  glass  or  iron  tiihe  Icadiii.:  into  ;i  -cvscl  on  n  licll'  Idn  ■. 
.\  :i-  or  •"•-ply  coKcr  tits  into  this  depression  when  it  i>  not  in  use.  If  nii  evpcri- 
ment  is  to  lie  perfonned  in  wbicn  liici-e  is  any  danger  of  spilling  incnurv.  it  will 
be  performed  over  this  tray,  then  any  mercury  that  is  spilled  runs  at  once  into  the 
rece])lacle  beneath. 

(ia.s-1aps  should  be  placed  every  'i  ft.  along  tiie  back  of  the  liciich.  TJie  giis- 
pipe  runs  along  beneath  the  top  of  the  bench  and  taps  project  up  through  circular 
o|)enings  in  (he  top  as  shown  in  Figure  1:1.  Tlit'si.  openings  are  alioiit  -i  in.  in 
diameter,  slightly  bevelled  on  the  upper  surface,  and  the  to])  of  the  ;:iis  tube  is 
almost  flush  with  the  surface  of  the  Iwnch. 

Several  electrical  terminals  are  placed  along  the  hack  edge  of  the  top  as  in 
Figure  i:?.  It  will  be  found  convenient  to  haM'  one  or  more  of  these  in  the  form 
of  sockets  into  which  a  plug  is  fitted.  Several  plugs  attached  to  free  wires  are 
kept  on  hand.  Some  terminals  of  ordinary  binding  posts  are  also  convenient. 
The  switches  may  he  of  tin  kiiif,'  oi  huttnn  varieties.  ri;c  mains  IciidiuL'  to  the 
bench  should  be  connected  to  the  switchboard  in  such  a  manner  that  all  the  kinds 
of  current  available  can  be  connecte<l  with  them. 

A  sink  12  in.  by  Ifi  in.  is  placed  toward  one  end  of  the  bench.  Five  or  six 
inches  is  of  quite  suflTieient  depth.  This  shoidd  be  of  earthenware,  white  glazed  iti- 
side.  eane-glazed  oiit-ide.  (See  page  19  for  full  description  of  sinks.)  A  cover  placed 
on  this  gink  gives  a  larger  surface  for  demonstration,  but  it  is  difficult  to  know 
where  to  place  tihe  cover  when  not  in  use.  This  sink  should  have  two  taps  laid  on 
with  hot  and  cold  water.  One  of  these  should  be  of  the  swan-neck  variety  to  allow 
large  vessels  to  he  jtlaced  under  it.  and  the  other  should  be  a  lower  tap  (Fig.  It). 
springing  from  the  pipe  on  a  level  slightly  above  the  top  of  the  bench,  to  serve  as  a 
conyenience  for  running  water  into  the  sink  and  to  obviate  the  splashing  which  the 
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use  of  the  tall  tap  would  cause.  One  of  the  water-taps  should  have  a  narroir, 
corrugated  mr/./.k',  in  ordi-r  that  rubber  tubiiij;  may  bo  fnsily  slippt-d  ovrr  it  to  use 
with  a  filter  pump  and  in  many  other  operations.  A  water-pipe  runs  alonp:  just 
under  the  top  of  tlie  bench  at  the  back  and  to  it  several  taps  are  attached.  These 
have  narrow,  corrugated  nozzles  and  are  used  chiefly  for  the  attachment  of  rubber 
tubing  passing  to  tomleiisers,  etc.  Tlie  small  sink  (Fig.  13,  D)  is  nitToly  for  carry- 
ing off  running  water  required  lor  cooling  or  other  purposes  during  an  experiment, 
and  may  be  dispensed  with. 

The  fume  vent  (Fig.  13,  C)  in  the  alberene  stone  is  of  great  importance, 
particularly  if  tlie  room  is  used  for  chemical  experiments.  It  is  a  round,  funnel- 
shaped  opening  about  8  or  10  in.  in  diameter,  covered  by  a  perforated  metal  screen, 
and  connected  with  the  fan  used  for  ventilating  the  fume  closets  in  the  chemical 
lalmraloiy  (pane  I't).  If  the  a])i>aratus  is  placed  near  this  opening  when  an 
experiment  is  being  performed  in  which  irritating  or  evil-smelling  gases  are  gener- 
ated, these  gases  will  not  escape  into  the  room  but  will  be  sucked  down  tlirnugh 
this  vent.  Sonic  use  for  a  fume  vent  a  large  funnel  and  tube  above  the  bench,  the 
funnel  considerably  elevated  and  with  the  mouth  facing  down,  but  experience  with 
both  would  lead  to  a  preference  for  the  former  contrivance.  Of  course  it  is  a'l 
advantage  to  Jiave  both  for  then  the  lighter  gases  will  be  caught  in  the  funnel  and 
the  heavier  ones  in  the  vent  below.  All  the  openings  have  closely  fitting  covers 
with  flush  ring  handles. 

The  body  of  the  bench  is  constructed  according  to  the  requirements  of  the 
teacher  in  respect  to  drawers,  cupboards,  and  recesses.  The  panelled  front  is  put 
together  in  one  or  two  pieces  according  to  its  length  and  is  screwed  on  to  the 
body;  so  that  when  it  is  removed  the  plumbing,  which  runs  along  just  behind  i  , 
is  exposed  and  easily  accessible.  Several  tiers  of  drawers  of  varying  depths  are 
placed  in  the  I)ody.  Some  drawers  are  shallow,  others  as  deep  as  10  in.  Some 
of  the  shallow  drawers  are  divided  by  partitions  running  from  front  to  back,  giving 
long,  narrow  sections  suitable  for  holding  glass  tubes,  pipettes,  and  other  long, 
narrow  pieces.  Otliers  are  divided  by  two  sets  of  partitions  at  right  angles  to  one 
another  into  S(|uare  compartments,  which  are  used  for  storing  corks  and  a  great 
variety  of  other  material.  Some  cupboards  occupy  part  of  the  space  and  a  recess 
is  left  under  the  middle  in  which  a  crock  is  placed  for  receiving  waste  material. 
Two  uprights  with  a  cross-piece  may  be  attached  to  the  top,  as  in  the  physical 
laboratory  demonstration  bench  Figures  59  and  60.  These  are  used  for  suspensions 
and  are  not  permanently  fixed  to  the  bench  but  are  placed  there  only  when 
re<juired  for  use. 

All  drawer  pulls,  handles,  taps,  and  other  exposed  metal  work  should  not  be 
bright,  but  oxidized  or  of  gun-metal,  as  nickel  and  brass  rapidly  become  tarnished 
by  chemicals. 

The  bench  top  is  finished  either  with  paraffin  or  any  aoid-proof  stain.  The 
composition  and  the  method  of  application  have  been  fully  discussed  already  on 
pages  11,  \-i.  The  finish  of  the  exposed  parts  below  will  be  in  keeping  with  the 
rest  of  the  furniture. 


PUPILS'  SEATS 


Pig.  78  shows  the  best  arrangement  of  the  pupils'  seats.  There  is  an  aisle 
3  ft.  wide  on  each  side,  and  the  individual  seats  are  arranged  in  a  continuous  row 
acro.ss  the  room.  It  is  preferable  to  have  these  rows  curved,  so  that  the  pupils 
seated  toward  the  ends  will  face  toward  the  demonstrator  at  the  middle  ot  th& 
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teacher's  bench.  The  circular  arrangement  is  particularly  necessary  where  the 
room  is  vide.  The  rows  are  arranged  on  platforms  each  higher  than  the  one  in 
front,  so  that  all  pupils  are  able  to  see  over  the  heads  of  those  iu  front.  It  is 
of  great  importance  that  the  heights  of  these  platforms  should  be  accurately 
known,  for  the  rise  is  not  regular  and  varies  for  different  rooms.  The  front  row 
of  seats  should  be  not  less  than  6  fi  from  the  demonstration  bench.  If  the  front 
row  is  placed  nearer,  the  tiers  of  seats  will  increase  in  height  very  rapidly.    In 


Fig.  78. — Ground  plan  of  science  lecture-room  for  forty  pupils.  A.  Qalvanometer  and 
stand.  B.  Lantern  screen.  D.  Water  air-pump  and  blast.  L.  Demonstration  bench. 
N.  Ulack-board.     P.  Lantern  stand.     R.  Pupils'  seats. 


order  to  get  the  heights  of  the  platforms  make  a  sectional  drawing  of  the  roonit 
Figure  79.  The  demonstrator's  bench  (A)  and  the  pupils'  seats  ((')  must  be 
drawn  to  scale.  Draw  vertical  lines  to  represent  the  backs  of  the  scats.  On  the 
front  seat  measure  off  4  ft.  4  in.  (1  ft.  4  in.  from  the  floor  to  the  seat  and  3  ft.  from 
the  seat  to  the  top  of  the  pupil's  head  (D>  when  he  is  seated).  From  a  point  (B) 
above  the  middle  of  the  teacher's  bench  draw  a  line  through  the  point  (D)  in  the 
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fSt  <  n  ThT  1  f'  r^  "'>'*'  '"P  "^  ^^  ^^''^'  -^^  P^°«^"<=«  »t  to  the  ««ond 
seat  (1.)      Thia  will  be  the  position  of  the  eye  of  the  pupil  i„  the  se,o,ul  row 

S^S;  thi  .  ?  'J"''^..'^'r  5  ''°'  ^"™  *^'  P*''"*  (B)  "-^  tiie  teacher's  bench 
through  this  point  above  the  head  in  the  second  row  and  produce  it  to  cut  the  third 
vow^  By  eunt.mnng  tins  the  levd  of  the  top  of  the  head  in  each  row  i.  found  and 
by  measuring  down  4  ft.  10  in.  the  level  of  the  floor  of  each  platform  is  at  once 

platforms    E)  are  constructed  in  relation  to  the  seats  as  represented  in  Figure  79 

Tt  "Zf  T  "JT^  f"''^  "V'"  ^"'^  °^  '^'  P'"«°™-  ■  Each  platform  is  2  ft. 
tX'^^l  a°d  a  lateral  space  of  2  ft.  is  devoted  to  each  seat.  The  aisle  on  each 
side  will  consist  of  a  series  of  steps,  Instead  of  these  steps  b.-inj:  the  san...  hei-'hts 
as  the  platforms  it  is  better  to  have  all  of  them  as  nearlj  as  plible  o   the  ^me 

of  v^ing  ithS*  "  "°"  "'^'^  *"  """  ''''"'''''''  '''''  '"^   '^'-^  *  --  «'  "top. 

baoJinrf^/'"^.,"^  the  opera-house  typo.  They  have  iron  fran.os  and  wooden 
backs  and  seats,  the  wood  being  made  of  several  ply  to  give  strength  and  avoid 
warping  The  seat  folds  up.  The  seat  is  1  ft.  4  in.  above  the  floor  and  the  back 
IS  1  ft.  J  in  high.  A  support  for  a  note-book  is  necessary.  This  is  fixed  on  the 
right  arm  of  each  desk  and  is  about  10  in.  long  and  (5  or  8  in.  wide.    It  is  best  to 

i;^fK^''',rPP°'**  ^"^  "^^•^'^'  P™^''^'^^  platforms  can  be  supplied  of  sufficient 
w^th  to  allow  easy  passage  between  the  support  and  the  back  of  the  seat  in  front 
Book  supports  are  supplied  that  fold  in  a  vertical  position  and  then  can  be 
dropped  down  behv.vn  two  seats.  These  are  noisy  and  liable  to  get  out  of  working 
order  and  it  is  advisable  only  to  use  the  folding  support  when  so  pressed  for  room 
unitilT'^  seats  are  placed  very  close  together.  Of  course  the  seats  an 
screwed  to  the  floor,  and  numbers  on  the  back  of  each  will  be  found  useful. 

The  Black-ho.vrd 

Figures  78  and  80  show  the  position  of  the  i.iack-lH.ard.  A  black-board  sus- 
pended by  pulleys  and  counterbalanced  by  weights  is  most  servi<eable  Vs  the 
board  in  a  lecture-room  is  generally  restricted  in  length,  it  should  Ik;  made  as 
wide  as  possible.  The  height  of  the  room  and  other  factors  may  determine  to  a 
certain  extent  the  width.  W  hen  the  bottom  of  the  board  is  a  foot  above  the 
floor  the  top  should  be  as  high  as  can  !«  easily  reached.  As  the  upper  part  is 
written  upon  it  is  pushed  up  and  the  lower  part  utilized.  Such  a  board  may  be  sus- 
pended m  two  ways.  Two  cords  pass  up  from  near  the  ends  and  have  counter- 
weights suspended  over  pulleys;  this  is  the  same  method  that  is  used  for  hanging 
a  winoow  sash  The  second  is  what  is  known  as  the  Kelvin  suspension  method 
in  this  method  there  is  a  single  continuous  cord  with  the  two  ends  attached  to 
the  black-ioard  about  one  fourth  of  the  distance  from  the  ends.  On  a  beam 
above  the  black-board  are  four  pulleys;  two  of  them  are  situated  directly  above  the 
points  of  attachment  of  the  cord,  the  other  two  are  placed  above  the  centre  of 
the  black-board  and  so  .lose  together  that  there  is  just  room  for  a  loop  of  the 
cord  to  hang  between  them.  The  cord  on  each  -ide  passes  verticallv  up  from  its 
point  of  attachment  to  the  black-hoard,  over  the  outer  pulley,  then  over  the  inner 
pulley  and  hangs  ,n  n  loop  between  the  inner  pulleys.  .V  weight  is  suspended 
from  the  loop.  Sash-cord  is  not  strong  enough  for  these  suspensions  and  a  socket 
Cham  or  wire  cord  should  be  used.  The  sides  of  the  black-board  run  in  grooves.  Such 
a  movable  black-bo„rd  is  always  to  be  recommended,  and  is  .|uite  necessary  where 
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there  la  a  fume  cupboard  in  the  wall  behind  the  demonatnitor'i  bench.  A  ita- 
tionary  black-board  is  sometimes  placed  behind  the  movable  oe;  this  adds  stiU 
more  to  the  available  black-board  surface.  II  the  bhick-board  is  ttotionary,  the 
top  of  It  IS  fixed  at  the  highest  point  to  which  a  person  can  ■  mveniently  reach  when 
writing;  this  will  not  be  more  than  6  ft.  9  in.  The  bott  m  of  a  stationaiy  board 
18  placed  3  ft.  6  in.  above  the  floor,  as  this  is  about  as  low  as  well  can  be  seen  from 
the  pupils  seats;  this  gives  a  board  3  ft.  3  in.  wide.  There  are  only  two  nuiteriala 
which  are  found  to  be  satisfactory  for  black-board»-ground  glass  and  slate. 
Painted  boards  are  entirely  unsuitable,  as  is  also  any  plaster  composition.  The 
black  wears  off  and  the  board  becomes  shiny.  A  sheet  of  plate  glass  with  thf 
front  surface  ground  rough  and  the  back  painted  black  makes  the  most  pleasing 
surface  to  write  upon,  while  a  good  quality  of  fine-grained  slate  is  excellent  also. 
Ihe  slate  is  if  anything  superior  to  the  glass. 

Demoxstbation  Galvanometeh 

There  are  two  special  pieces  of  apparatus  that  have  proven  so  useful  and  are 
■o  little  known  in  Canada  that  it  is  proposed  to  describe  them  briefly.  It  is  of  great 
convenience  to  have  some  quick  method  of  demonstrating  the  presence  and  direc- 
tion  of  an  electric  current.  The  ordinary  lecture-room  galvanometer  requires 
much  adjustment  and  then  is  not  sensitive  enough  to  be  of  great  value.  Figure  80, 
(A)  shows  a  galvanometer  that  is  always  ready  for  use  and  indicates  the  slightest 
current  m  a  manner  that  is  plainly  visible  to  the  whole  room.  A  sensitive,  dead- 
beat  mirror  galvanometer  is  placed  on  the  upper  platform.  Two  or  three  cells 
are  placed  m  the  box  at  the  bottom.  These  run  a  small  incandescent  lamp  in  the 
base  of  the  telescopic  tube,  which  has  a  lens  in  the  top  and  a  cross  wire  near  the 
lamp.  The  film  in  the  lamp  is  a  single,  straight  thread.  The  light  from  the 
film  passes  up  and  is  reflected  by  the  mirror  into  the  galvanometer,  the  mirror 
on  it  sends  the  light  back,  and  the  mirror  again  reflects  it  down  upon  the  scale. 
By  adjusting  the  telescope  both  in  position  and  in  direction  and  by  drawing  the 
lens  out  or  in,  an  image  of  the  cross  wire  in  front  of  the  glowing  film  of  the 
lamp  IS  thrown  on  the  scale.  The  galvanometer  is  adjusted  until  the  image  falls 
on  tiie  centre  of  the  scale.  Two  wires  pass  from  the  galvanometer  and  terminate 
m  bmdmg  posts  on  the  demonstration  bench.  When  it  is  desired  to  use  it,  what- 
ever circuit  is  to  be  tested  for  the  presence  of  a  current  is  connected  to  the 
binding  posts  and  the  current  from  the  dry  cells  is  thrown  through  the  lamp  to 
Illuminate  it.  Then  the  image  on  the  scale  moves  either  to  the  right  or  to  the 
left.     The  whole  apparatus  is  placed  high  on  the  wall  of  the  room  facing  the 

ClaSS* 

CoMBiNEn  Air-pomp  and  Air-blast 

The  second  piece  is  one  much  used  in  Germany  but  not  at  all,  as  far  as  is  known, 
in  Canada.  It  is  a  combined  water  blast  and  water  air-pump.  In  Figure  80  it  is 
shown  at  D.  This  piece  of  apparatus  is  purchased  complete  and  already  at- 
tached to  the  board,  so  that  it  has  merely  to  be  connected  with  the  water-pipee, 
and  the  outlets  from  it  lead  to  taps  on  the  demonstration  bench.  It  is  used  as 
an  air-pump  and  for  producing  an  air-blast.  As  an  air-pump  it  will  rapidly  give 
a  vacuum  that  is  sufficient  for  all  high  school  experiments.  The  blast  is  sufficiently 
sh-ong  to  run  a  strong  blast  lamp,  to  blow  an  organ-pipe,  or  to  demonstrate  some 
of  the  pxpenments  used  to  illustrate  Bernoulli's  principle.  It  has  one  pipe  con- 
nected to  the  water-works  main,  one  to  the  waste,  and  two  terminating  in  taps  on 
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the  demonrtration  bench.  In  order  to  get  a  vacuum  or  a  blaat  one  or  the  oilier 
of  the  taps  is  connected  by  tubing  with  the  bell-jar,  organ-pipe,  or  other  ap- 
paratus. Of  course  such  a  piece  of  apparatus  can  be  inetalled  only  where  ther* 
ia  a  water-works  system,  and  the  stronger  the  water  pressure  the  more  rapid  and 
effective  the  result.  There  are  two  gauges  on  the  board,  one  to  register  the 
vacuum  the  other  to  indicate  the  water  pressure.  As  the  whole  apparatus  cotta 
less  than  forty  dollars  it  is  not  so  expensive  as  a  moderate  priced  air-pump,  and 
yet  it  will  do  all  the  work  of  an  air-pump  and  much  else  besides,  as  indicated 
above  and,  unlike  the  air-pump,  is  not  likely  to  get  out  of  order. 

A  OHABT  HANOEn 

In  the  lecture-room  the  chart  is  a  more  valuable  means  of  illustration  than 
even  ilie  lantern  slide.  It  can  be  shown  in  colours,  and  several  can  be  arranged 
aide  by  side  for  comparison.  Several  devices  to  serve  for  exhibition  of  these  charts 
have  been  described,  the  simplest  and  most  effective  one  b^ing  that  described 
by  Ganonp.  A  wooden  slat.  Figure  80  (C),  extends  horizontallv,  and  the  vndit  run 
in  grooves  on  two  vertical  uprights.  The  horizontal  bar  is  raised  and  lowered 
by  means  of  two  cords  attached  near  the  ends  of  it.  These  pass  vertically  over  two 
pulleys  and  pa.s8  down  at  one  end  over  a  third  pulley.  Two  or  three  of  these 
bars  may  he  made  one  in  front  of  the  other,  each  sliding  in  its  own  groove  and 
raised  and  lowered  by  its  own  set  of  cords.  The  charts  are  suspended  from 
this  bv  card-holders  consisting  of  a  bulldog  clip  with  a  hook  above  it.  The 
board  from  which  they  are  suspended  is  4  in.  wide,  %  in.  thick,  and  as  long  as 
the  available  space  will  permit.  The  upper  edge  is  rounded  to  fit  the  hooks  of 
the  card-holders.  Those  hoards  should  be  thoroughly  seasoned,  so  that  where 
there  are  several  of  them,  they  will  not  curve  and  warp  and  thus  interfere  with 
one  another  in  passing  up  or  down. 


SUSPENSIONS 

There  should  be  a  means  of  suspension  over  the  demonstration  bench.  This 
may  be  achieved  in  several  ways.  Metal  uprights  with  an  adjustable  horizontal 
cross-bar,  such  as  is  shown  in  Figures  59  and  r,0.  are  valuable.  These  can  be  re- 
moved when  not  in  use.  But  a  support  attached  to  the  ceiling  is  also  useful  as 
supplementary  to  these.  This  may  be  a  wooden  scantling  immediately  over  the 
middle  of  the  demonstration  bench  and  suspended  rigidly  from  the  ceiling  at 
such  a  lieicrht  that  it  can  be  reached  when  standing  on  this  "bench.  It  has  a  set  of 
hooks  attached  to  the  lower  sidi-  of  it,  and  from  tliose  pendulums,  wire  springs, 
etc..  can  lie  suspended. 

ARRANOEMENT  OP  LABORATORIES 

It  will  only  be  necessary  in  concludinsi  this  Eduralianal  Pamphlet  to  state  a 
few  facts  in  regard  to  the  arrangement  of  the  several  laboratories  in  relation  to 
one  another.  It  should  scarcely  be  necessary  to  say  that  all  should  be  situated  on 
the  same  floor.  Much  of  the  apparatus  is  used  in  all  the  laboratories,  and  to  have 
to  carry  it  from  one  floor  to  another  is  an  unnecessary  waste  of  time.  Thev  should 
be  placed  as  compactly  as  possible.  They  may  be  in  a  row  on  one  side  of  the  hall 
or  on  opposite  sides  of  it.  Store-rooms  are  placed  preferably  between  labora- 
tories, so  that  the  stored  material  is  accessible  to  both. 


PLAN  OF  SCIENCE  ROOMS 


14S 


J.3iJ 


-1 — t — i — Htffl 


9999 
9999 

99  99n 


go 

C8  2. 


I? 


=1 

C3 


9  9^9  9 


Uj 


144 


LABORATOBT  ACCOMMODATION 


In  Figure  81  ia  ihown  a  pUn  of  «  Mt  of  nwnu  for  MionGe  work  which 
etn  be  reoommanded  etrongly  to  the  modente-tised  hi^  ichool  end  coUegi«te 
uutitute.  It  consiita  of  phyiical  and  chemictl  Ubontoriee,  a  lecture-room,  and 
two  itore-rooma,  with  a  well-lighted  balance-room  tha'.  ii  adjacent  to  both  labora- 
toriee.  Theae  are  all  phuxd  oompaotly  and  do  not  oooapy  an  exoeaaiTe  amoont 
of  apace.  The  lecture-room  ii  placed  between  the  two  kboratoriea,  to  that  it  may 
be  easily  reached  by  doora  from  both.  After  pupils  have  finished  their  experi- 
ments in  the  laboratory,  they  ean  paai  into  the  lecture-room  for  explanationa. 
The  lecture-room  alio  haa  a  door  leading  into  the  hall,  so  that  it  is  acceaaible  from 
the  hall  without  any  interruption  to  the  laboratory  claaaes.  There  are  two  atore- 
rooms,  one  for  chemistry  and  one  for  physics,  with  doors  leading  directly  into 
the  respective  laboratoriea.  As  the  apparatus  from  each  laboratory  will  be  con- 
tinually used  for  demonstration  work  in  the  lecture-room,  both  itore-roonu  have 
doors  into  the  lecture-room  as  well,  so  that  their  apparatus  is  just  as  convenient 
to  the  lecture-room  as  it  ii  to  the  laboratory.  The  store-rooms  should  have  their 
sides  tliat  are  toward  the  lecture-room  made  of  glass  partitions  that  extend  right 
to  the  ceiling,  in  order  that  they  may  have  good  light.  The  partition  between  the 
balance-room  and  the  lecture-room  consists  of  prismatic  glass  right  to  the  ceiling, 
so  that  the  latter  will  be  excellently  lighted  from  the  lateral  windows.  The  drawing 
represents  a  skylight  as  being  in  the  lecture-room.  Such  a  light  is  a  great 
advantage,  but  is  possible,  of  course,  only  when  the  science  rooma  are  located  on 
the  top  floor. 

The  balance-room  is  long  and  narrow,  and  is  equally  acceaaible  from  both 
laboratories,  so  that  the  same  set  of  balances  can  be  used  for  both  physics  and 
cliemistry.  The  doors  leading  into  it  from  each  laboratory  should  be  made  largely 
of  glass,  BO  that  the  teacher  in  the  laboratory  has  complete  observation  of  the 
pupils  while  they  are  at  work  in  the  balance-room.  It  has  a  balance  shelf  24  ft 
long,  which  is  sufficient  for  twelve  balances. 

The  furniture  of  the  physical  and  chemical  laboratories  is  the  same  in 
chnractor  and  arrangement  as  is  represented  in  Figures  54  and  64,  and  the  explana- 
tions given  there  can  be  used  to  interpret  the  meaning  of  the  drawing.  It  is 
necessary  to  call  the  attention  to  one  detail  in  the  arrangement.  The  demon- 
strator's bench  in  each  laboratory  is  placed  preferably  at  the  end  nearest  to  the 
store-room;  this  makes  the  apparatus  convenient  for  the  teacher.  For  the  com- 
plete arrangements  of  the  furniture  in  the  physical  and  chemical  laboratories, 
Chapters  IV  and  V  should  be  consulted,  and  also  Figures  54  and  64. 

This  plan  of  laboratories  is  suitable  for  large  high  schools  and  small  col- 
legiate institutes.  The  larger  collegiate  institutes  will  have  in  addition  at  least 
a  biological  laboratory,  .nnd  perhaps  an  elementary  laboratory.  A  suitable  place  for 
the  biological  laboratory  would  be  on  the  opposite  side  of  the  hall  directly  acrosa 
from  the  lecture-room,  so  that  the  latter  would  be  accessible  to  it  also.  However, 
much  will  depend  on  the  direction  in  which  the  hall  runs,  as  the  biological  labora- 
tory requires  eastern  or  southern  light  or  both,  and  it  might  be  better  to  put  it  at 
the  end  of  the  physical  or  chemical  laboratory  where  it  would  probably  have  win- 
dows on  two  sides. 


